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SCRUB 


THESE TROUBLES" 
FROM YOUR GAS 
with 


CARBIDE’S 


monoethanolamine 
diethanolamine 
diethylene glycol 
triethylene glycol 


DESULFURIZE. . . and eliminate a serious trouble-maker. Monoethanolamine 
and diethanolamine efficiently scrub corrosive hydrogen sulfide out of 
natural gas and refinery gas. The hydrogen sulfide removed is a source of 
saleable sulfur. 

DEHYDRATE with the glycols and prevent formation of pipe-clogging hydrates 
in high pressure transmission lines. This helps you maintain transmission 
line capacity and avoid valve and regulator clogging. 


You can order Cansipe’s ethanolamines and glycols in tank cars, com- 
partment tank cars, and combination drum carloads. Delivery of less than 
carload lots, in drums, can be made from Carsive warehouses in Dallas, 
Houston, Tulsa, Denver, Los Angeles, San Francisco, and 46 other cities 
throughout the country. 

For gas-scrubbing chemicals that do the job, get in touch with the 
nearest office. 
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“The time has come,” the King- 
fish said, 
"To talk of many things— 
Of speeding up reaction rate 
with ultrasonic rings 
And how to jiggle iron ore on 
hot reducing winds.” 
By now, every member of the 
A.1.Ch.E. recognizes the above as 
the first of thirteen fits thrown by 
the Ichthyologists in honor of the 
Swampscott regional meeting, May 
28-31. To the program already 
published in our March and April 
issues, the Boston Section has 
added three organized “bull ses- 
sions.” They will cover “New fields 
for the Chemical Engineer,” “Edu- 
cating the Chemical Engineer for 
Industry,” and “Liaison Between 
Research and Engineering.” Mc- 
Cabe, Whitman, and Chilton, are 
the leaders of the sessions. 


Read what the audience at the 
annual meeting in Pittsburgh 
thought of Licensing of Engineers— 
their expressions of opinion are 
contained in this issue, page 211. 


Are you au courant on books in 
the chemical engineering field? 
Read our Marginal Notes. Herein 
experts in the specified fields judge 
new literoture. Their reviews will 
save you valuable time and let 
you know whether or not you 
should invest your money in a par- 
ticular work. 


More on the latest literature cover- 
ing equipment and chemicals in 
the process field can be found in 
this issue. To receive the full bene- 
fits use the Data Service Card fol- 
lowing page 26. 


Everybody likes a symposium—we 
are publishing another one in the 
June issue called “Training Engi- 
neers in Industry.” Managements 
that have a program will see how 
to improve theirs, and those that 
have no training plan will want to 
initiate one after a reading of 
these opinions. 


A message to company execu- 
tives and personnel officers—when 
good chemical engineers are 
needed to fill the empty spots in 
your organization—use our classi- 
fied section. The world’s best 
chemical engineers belong to the 
American Institute of Chemical 
Engineers. 
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REVOLUTIONARY ROSENBLAD 
“SWITCHING SYSTEM ELIMINATES 
HIGH COST OF REMOVING SCALE 


new Conkey Evaporators de-scale 


while operating at full capacity 


Scale usually forms on conventional 
evaporator heating surfaces, in evaporating 
slowly soluble salts having inverted —or 
even level—solubility curves. When this 
scale can be dissolved in treated or 
untreated condensate water, the new 
Conkey Evaporator with the Rosenblad 
Channel Switching System often eliminates 
shutting down for cleaning. 


Self-cleansing switching design not only 
reverses liquid and steam side of heating 
element: all parts of equipment are 
switched, washing away scale with 
condensate from pipe lines, valves, 
vessels—in addition to heating surfaces. 
And there is no interruption of the 
evaporation cycle. System has been used 
Show Gultchine successfully in Sweden for the evaporation 
System reverses liquor and * of sulphite pulp mill waste liquors that 
condensate to effect clean- a deposit heavy gypsum scale. Removing 
aeodeeeaa it continuously has made possible full 
capacity operation with uniformly clean 
heating surfaces. 


GENERAL AMERICAN 


Transportation Corp. 


| 
Sole licensee in the U.S.A. for the A. B. Rosenblods 
New York New York Evaporator Switching System. 
ae eee OFFICES IN PRINCIPAL CITIES 


Other General American Equipment: Turbo- Mixers, Evoporotors, Thickeners, Dewoterers, Dryers, Towers, Tonks, Bins, Kilns, Pressure Vessels 
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YOUR CATALYTIC 
WITH ALCC 


If you want to up-grade your 
catalytic process yields, or simply 
reduce losses from contamination 
and side reactions, you'll find it 
advantageous to insist on ALCOA 
Aluminas for your Al,O; catalysts 
and catalyst supports. 


ALCOA Aluminas are uniform in 
structure and chemical purity ... 
stable at elevated temperatures... 
have high resistance to erosion and 
crushing ...and are moderate in 
cost. Typical conversions for which 
ALCOA Aluminas are used in- 


clude: Aliphatic hydrocarbons into 


* ALCOA Activated 


Alumina is preferred 
for many reactions be- 
cause of its high ad- 
sorptive properties 
and extremely large 
surface area. 


* ALCOA Tabular and 


other forms of Alu- 
mina are preferred for 
certain reactions 
where hardness and 
extremely high purity 
are relatively more im- 
portant than maxi- 
mum surface area. 


naphthenic hydrocarbons. 


For top quality, specify ALCOA 
Aluminas for catalysts and cata- 
lyst supports. You'll get more 
efficient, uniform reactions and 
end-products of higher purity. 
We'll gladly send you samples 
and further information, 


Write to 
ALuminum Company oF AMERICA 
Cuemicats Division 
6058 Gulf Building 
Pittsburgh 19, Pennsylvania 


ALUMINAS and FLUORIDES 


ACTIVATED ALUMINAS - CALCINED ALUMINAS - HYDRATED 
ALUMINAS - TABULAR ALUMINAS + LOW SODA ALUMINAS 
ALUMINUM FLUORIDE SODIUM FLUORIDE . SODIUM 
ACID FLUORIDE + FLUOBORIC ACID ~ CRYOLITE - GALLIUM 
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For unequaled selection of quality piping 
see the complete CRANE line 


BETTER PERFORMANCE 
FROM DIAPHRAGM VALVES 


Crane Diaphragm Valves are well suited to a variety of process 
fluids. Being packless, they eliminate stem leakage. Operating 
parts are isolated from line fluids. Y-pattern body assures greater 
flow capacity. They require less torque and fewer turns to open 
and close fully, even in larger sizes and at higher pressures. 
Crane separate disc-diaphragm design offers many outstand- 
ing advantages. Diaphragm lasts longer because it is used only 
to seal the bonnet. Separate circular disc assures 
tight closure, even in case of diaphragm failure. 
Regularly available in plain iron, or with 
Neoprene lining for fluids corrosive to iron. Also 
furnished in other body, lining, and diaphragm 
corrosive services. Send for WORKING PRESSURES: 


CRANE CO., 836 S. Michigan Ave., Chicago 5, Ul. 
flanged ends. 


Branches and Wholesalers Serving All Industrial Areas to 6-in. Screwed or 


& ALL EQUIPMENT FOR THIS ABSORBER INSTALLATION, FOR 
XAMPLE, IS AVAILABLE ON ONE ORDER TO CRANE 


CHECK 
VALVES 


CORROSION. RESISTANT 


VALVES 

FL ANGED EVERYTHING FOR EVERY PIPING SYSTEM 


VALVES « FITTINGS + PIPE + PLUMBING AND HEATING 
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Inorganic chemical processor saves ‘18,360 
per year with new LOUISVILLE DRYER - 


KNOW THE 
RESULTS 
before you buy! 


FORMER DRYER 


he A pen! Just eight months after it was installed in the plant of a 
Drying cost per ton... 81 well-known processor of inorganic chemicals, the new 
lspoce required, 320 sq, ft.) Louisville Dryer had paid for itself completely —and it goes 7 
right on saving, year after year! A survey by a Louisville 


| YEARLY SAVINGS OF | engineer had uncovered the sharp economies, plus the greater 


protection from contamination that could be expected with 


a new Louisville Dryer on the job. We designed a dryer to 
fit the specific conditions of the operation, tested and proved 
its performance in our research laboratories and pilot plant— 
| N OPERATING COSTS | with the results you see at the left. 


Why not have a Louisville engineer survey your drying 
ALONE... 818,360 system? There is no obligation. 


Louisville Drying Machinery Unit 


Over 530 years of creative drying engineering 


GENERAL AMERICAN TRANSPORTATION 


Ask for new treatise on subject of rotary dryers 


Other General American Equipment: CORPORATION 
Turbo-Mixers, Evaporators, Thickeners, Dryer Sales Office: 19° Se. Fourth Street 
Louleville 2, Kentucky 


Dewaterers, Towers, Tanks, 
Bins, Filters, Kilns, Pressure Vessels 


General Offices: 135 South La Salle Street, Chicago 9, Ilinels 
Offices in all principal cities 
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Drying cost per ton 1.83 ~ , 
(space required, 900 sq. ft.) 


ANNOUNCING 
THE NEW SHARPLES 


A MAJOR ADVANCE 
IN CENTRIFUGE 
ENGINEERING 


in the circle is ene of the ten 
solids discharge velves which ere 
externelly controtied fer duration and 
frequency of opening. 


. ability to handle a wide variety of solids; (2) flexible 
a control over the consistency of the solids dis- 


can extend the economy of cen- 
trifugal separation to your 


pay you well to 
» investigate. 


THE SHARPLES PG) CORPORATION | 


2300 WESTMORELAND ST. iS PHILADELPHIA 40, PA. 


Boston + Hew York + Pittsburgh + Cleveland + Detrelt + Chicage * New Orleans Seattle + Los Angeles * San Francisco 
ASSOCIATED COMPANIES AND REPRESENTATIVES THROUGHOUT THE WORLD 
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+ iim, Don’t overlook the significance of CONTROLLED SOLIDS DISCHARGE 
introduced in the new Sharples DV-2 Centrifuge. It has made possible high 
The Sharples DV-2 maintains high efficiency and thru-put 
capacity, and it adds three important factors: (1) The 
+ 
| 4 i » charge; and (3) minimized loss of liquid. 
“NS be that the Sharples DV-2 
¥ Sherples OV-2 Contrifege » processing. If so, it will 
Write fer your copy today. 
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How to cut your production costs 


of Hydrogen Chloride 


OW you can combine the cost-cutting advantages of 
a Girdler Hygirtol plant with the Hooker Hydrogen 
Chloride Process to produce high-purity, anhydrous hydrogen 
chloride at lower cost. 
Girdler engineers have integrated the Hygirtol plant and 
the Hooker process, for which Girdler is licensing agent — H YarmTon ts 0 trade mark of The Girdier Corporstion 
into a single installation. This combination has been proved GAS PROCESSES DIVISION 
to be a highly-efficient and economical process. It provides 
an exceptionally uniform hydrogen chloride gas and high 
production yields. 
Write for information about the Hooker Hydrogen Chloride LOUISVILLE 1, KENTUCKY 
Process for use with either Hygirtol or by-product hydrogen. Designers, Engineers and Constructors 
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REGULATORS 


Standard Pfaudler 
Heat Exchangers and 
Tubular Condensers 


ypes: Fixed tube sheet, non 
movable tube bundle; Packed 
pating head-removable tube 
yndle; Internal floating head 
removable tube bundle: U 
with packed floating 
head. Standard design features 
includes shell diameters, 4° to 
24". pressures — full vacuum, 
75, 150 pei: rigid tolerances, 
ASME code U 09 construction; 
tube sizes— 34° and 1” 
O.D.; tube size passes— 1, 2, 4, 
6 or 8; use of cross flow baffles 
on shell side. 


he 


MAIL THIS FORM 


Pfaudier 


Engineers and Fabricators of Corrosion 
Resistant Process Equipment 

GLASS-LINED STEEL—Hastelloy Aluminum 
Tantalum * Teflon * Carbon Steel * Solid or 
Clad Stainless Steel * Nickel + Inconel * Monel 


Standard Lines of Pfaudler Process Equipment 


...and how they can save money for you 


Before placing your next order for corrosion resistant processing equipment, it 
will pay you to check the possibilities of using standard equipment. Why? To save 
money. Consider —all engineering is completed. Designs are tested and proved. 
All performance factors are known. Standard parts are stocked. Fabrication is 
handled on a routine basis. You get the benefit of all savings. Pfaudler offers a 
wide choice of standard equipment to meet your needs. 


Standard high pres- 

sure *R Series” Glass- 

Lined Reactors re- 
sistant to all acids (except 
H. F.) at elevated tempera- 
tures and pressures. 


Capacities: 200 to 2000 gallons. 
Features: Jacketed ASME code 
welded one-piece construction 
with clamped manhole open- 
ings; highly acid resisting 
Pfaudler glass lining; impeller 
type glass covered steel agita- 
tors with adjustable baffles; 
heavy-duty motor drives; 
standard top-head openings to 
meet varied requirements based 
on long experience. Custom- 
built units of larger size follow 
basic “R” design, 


Standard Pfaudler 
Jacketed Stainless 
Steel Reactors 


Capacities: 5 to 500 gallons. 
Features: Jacketed ASME code 
welded construction with 
clamped top heads. Liners and 
heads, type 304 stainless steel; 
jackets, carbon steel weided to 
stainless sealer; anchor or 
impeller stainless steel agita- 
tors with motor drives; ample 
vapor outlets on top heads, 
constructed of stainless steel. 
Custom-built units of larger 


size follow this basic design. 


Standard low pressure 
“E Series” Glass- 
Lined Reactors resist- 
ant to all acids (except H.F.) 
at elevated temperatures 


and pressures. 


Capacities: 2 to 2000 gallons. 
Features: Jacketed ASME code 
welded construction with 
clamped top-heads; highly acid 
resisting Pfaudler glass lining: 
anchor or impeller type glass 
covered steel agitators (baffles 
optional); heavy-duty motor 
drives; standard top - head 
openings to meet varied re- 
quirements based on more than 
25 years of experience. 


PFA Y. 
THE hester 3, 
acompueTe PROCESS cep.5,Rochester 
OR INDIVIDUAL UMITS inform“ Series” 
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WHAT MAKES FOR 


HE desire for self-improvement, for success, is one of 

the great forces that drive humans. As a matter of fact, 
recognition of this underlies many sales promotion efforts, 
whether it is to Junior as an appeal to build up his muscles 
or sleek down his hair, or to his father offering him security 
via personal prophylaxis or courses in adult education. 

Engineers too are concerned with the same problem. Some- 
times, being engineers, they feel that something should be 
measured, some quantity must be specified so they may equate 
it for comparison. This results in questionnaires, polls, in- 
telligence tests, and inventories of special skills. 

On other occasions the engineers resort to the philosophical 
approach of confession, and exchange of experience. This 
results in symposia, lectures, bull sessions, and personal 
advice. 

Each method tries to answer the same question—what must 
an engineer do to be successful in his profession ? 

We are not going to give our own personal evaluation of 
this question now, but rather explore two answers that have 
occupied our attention lately. The first answer was arrived 
at in the philosophical manner. Paul D. V. Manning, vice- 
president of International Minerals & Chemical Corp., was 
a panel member exploring the subject “What's New in 
Engineering Education” at a Father-and-Sons night at 
Northwestern Technological Institute. Dr. Manning, a direc- 
tor of the A.I.Ch.E., proposed a list of ten qualities and 
attainments needed in our profession. Since they represent 
the qualified thought of an engineer who has spent his career 
in the chemical field, they deserve publicity and distribution. 
Here they are as he presented them. 


1. A good knowledge of the fundamentals of science and 
the fundamentals of the branch of engineering in which 
he is working. 

2. Absolute and uncompromising integrity in thought and 
action. 

3. A well-developed ability to work with others and to 
make friends. 

4. Good physical and mental health. 

5. The ability to think, reason, analyze a problem and select 
its essentials. 

6. A drive that makes him want to get things done, and 
done correctly. 

7. A good memory. 

8. A knowledge of how and where to find facts he needs 

but does not have. 

9. A burning interest in his work that transcends the 
desire for money or personal gain, plus a pride in his 
profession. 

10. The ability to use the tools of speech, economics, rapid 
reading, writing and English. 
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The list is a substantial, well-thought-out toting of 
specifications and one would be hard put to add to it. It is 
interesting though to compare this effort with qualities that 
were, in a fashion, measured. The measuring, true, was of 
opinion, but it offered enough alternatives so that it elim- 
inated stray observations and prejudices. Specifically we 
refer to the pamphlet “The Most Desirable Personal Char- 
acteristics,” published last year by the Engineers Council for 
Professional Development. The book (price twenty-five 
cents) reported an analysis of personal qualities in engineers 
most desired by executives, administrators, faculty members, 
personnel officers and college freshmen. For general engi- 
neering personnel the engineering executives want the fol- 
lowing characteristics : first, intelligence, by which they meant 
clear thinking, second, dependability, by which was meant 
truthfulness ; and organization acceptability, meaning cooper- 
ativeness was third. 

The fourth attribute for engineers was to be dynamic, 
and three words,—effectiveness, confidence, and activity— 
were close in the executives’ minds as descriptive of this 
particular quality. Emotional acceptability, or stability ranked 
fifth, and the sixth characteristic was physical acceptability, 
where cleanliness was the most desirable definition. Some 
rearrangement was manifest when other callings of the 
engineer were analyzed. For instance, for sales and distri- 
bution, the quality which received the highest rank for gen 
eral engineering, intelligence, moved to fourth place in order 
of importance, and the quality of being dynamic moved to 
first place. Physical acceptability was second, emotional 
acceptability was third, dependability in fifth place, and or- 
ganization acceptability in last place. 

Naturally, opinion tends to be inconclusive in determining 
what a man needs for success. That there are measurable 
characteristics which have led some men on to positions of 
responsibility and others which keep men from such attain- 
ments, there can be no doubt. However, answers will prob- 
ably never be found which will apply without fail. The 
qualities that make a man a success do not lend themselves 
to measurement, they are not capable of description. Some- 
thing innate makes leaders, while circumstance at times 
merely makes for notoriety. 

On occasion leaders in the field will break every rule in 
the book, and still maintain or attain leadership. Whether 
these are the exceptions, one has no way of telling, for the 
delicate balance of action and interaction between an indi- 
vidual and his working environment requires, in almost every 
case, individual judgment. Judging what is needed and 
accomplishing the end constitutes success. Only the average, 
the norm, can be measured, and if a particular situation is 
normal, measurement will aid. Thase who succeed probably 
would have, no matter what the situation. 


F. J. Van Antwerpen 
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In the April issue Chemical Engineering Progress printed the contributed papers to the Licensing 
Symposium held at the annual meeting in Pittsburgh . . . this month, the audience present at the panel 


discussion speak their minds . . . is it licensing or registering? . . . advantages of joining national 
professional societies, the broader concept of ethics, enforcement, etc., are examined . . . here are thoughts 


E. W. Volkmann ( Koppers Co., Inc., 
Pittsburgh, Pa.) : Our speakers gave us 
many reasons why the chemical engi- 
neer should become a licensed profes- 
sional engineer, and they have pointed 
out the advantages of the engineer-in- 
training. Apparently, at least judging 
from Mr. Weiss’ remarks, the status of 
the engineer-in-training has not been 
accepted with the expected eagerness by 
the younger members of the profession. 
On the other hand, I think it was Mr. 
Legaré who mentioned that down in the 
Carolinas as many as %) per cent of 
the recent graduates have availed them- 
selves of the opportunity of the engi- 
neer-in-training status. 

In this connection I thought you 
might be interested in learning some- 
thing about the figures for the State of 
Pennsylvania. I wrote to the Board of 
Registration and asked the Secretary for 
some statistical figures. 

Before I read them to you I should 
mention, of course, that legislation in 
Pennsylvania was changed in 1945, 
when the new law of professional li- 
censing was passed, to become effective 
in 1946. That gave the older members 
of the profession an opportunity to rush 
in and make use of the grandfather 
clause. Judging from the figures, a 
number of them did just that. Hence, 
520 chemical engineers have become reg- 
istered, without examinations since the 
new law was approved. 

Now with regard to applications for 
certification of engineers-in-training: 
“Since the Act was approved on May 23, 
1945,” the Secretary writes, “24 chem- 
ical graduates applied for certificates, 21 
of which have been granted.” That 
would mean, on the average, only eight 
applications from graduates have been 
received per year. 
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to toy with and even to convert into action. . . . 
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Dr. Monrad estimates the number of 
chemical engineers graduating in the 
State of Pennsylyania each year at 400. 
This would indicate that only two per 
cent thought it necessary to apply for 
certification as engineer-in-training. 
Personally, I think that is deplorable. 

1 would like to make one remark with 
respect to the attitude of Pennsylvania 
on accepting the registration of profes- 
sional engineers of other states. I think 
it was mentioned that that was. still 
difficult. In the letter I received from 
the Secretary, | have also the number 
of applications for examinations, and the 
number happens to be 28, 13 of which 
passed the examination and one was 
granted registration as he had passed the 
written examination given by the New 
York board. Apparently there are some 
exceptions to what you said. 


Z. G. Deutsch (Consulting Engi- 
neer, New York, N. Y.): One of my 
committee jobs on Engineers’ Council 
for Professional Development has been 
getting out a pamphlet for student guid- 
ance, and we wrote a little article for the 
high school student regarding licensing. 
The pamphlet was received by many 
professional men. Some of them 
changed the word “licensing” to “reg- 
istration.” At present I have cut out 
“licensing” wherever mentioned and 
substituted “registered” or “registering” 
or something of that sort. Which is pre- 
ferred, and are the two terms inter- 
changeable ? 

After that question is answered I would 
like to ask Dr. Fairman a question 
What advantage is there to the rank- 
and-file practitioner in joining these 
various national societies ? 


T. K. Legaré: I will try to answer 
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whether it is “licensing” or “registra- 
tion.” Several years ago we voted on 
that and adopted “registration.” Some of 
the men said, when you speak of li- 
censing it reminds them of getting 
a license for a dog, a license to 
operate a hot-dog stand; it fails to dis- 
tinguish this license from a business 
license. Some states do require a busi- 
ness license, all cities, I guess, require 
a business license. So we called this 
“legal registration,” meaning that you 
have been registered legally, to show 
that you are legally qualified. 

But lately many individuals and or- 
ganizations have been using the term, 
“professional licensing.” In New York 
State it is rather awkward because the 
New York Board and Department of 
Education do issue a license to a man 
and he is required to register that li- 
cense in the county in which he is lo- 
cated. Several times we have written and 
asked if a man was registered, and if 
the answer was no, he was still issued 
a license by the New York authority to 
practice, but he is not registered. 

Personally I prefer “registration,” 
and if you read the Model Law you will 
find the word “license” doesn't appear 
anywhere in it. All the representatives of 
the national engineering societies that 
met several years ago to draft the Model 
Law agreed on the term “registration.” 
I don’t think you will find the term 
“license” in it. 


J. F. Fairman: Dr. Deutsch’s 
question is a difficult one to answer. I 
have been much disturbed—in the or- 
ganizations that I belong to, by the ef- 
forts we make to sell people on the 
idea of membership. We get out elab- 
orate pamphlets and we think up all the 
reasons why one will get something 
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immediate and specific out of joining 
our particular society. It seems to me 
that is one of the things we have done 
which has defeated our real objective 
of bringing about some better degree of 
professional consciousness. 

Because the basic concept of a pro- 
fession is a group of people who are 
rendering a service to society, the eyes 
of these people are on the idea of 
service, their objective is service, rather 
than immediate gain to themselves. I 
know that sounds like preaching. But 
it seems to me that that goes to the 
very heart of the matter. 

There will be, in certain individual 
cases, immediate tangible benefits from 
registration, or immediate benefits to 
certain individuals from joining one or 
another society. I know that in the 
American Institute of Electrical Engi- 
neers, our Board of Examiners is all 
too frequently conscious of the fact that 
the application for admission or trans- 
fer is motivated by the profit motive, 
the engineer can get a better job, or 
thinks he can, if he has a higher grade 
of membership, or if he belongs to the 
organization It seems to me we 
shouldn't promote that kind of thing 

That is a generalized answer to a 
specific question. But | have never been 
with good conscience, to make a 
clear answer on why | should join a 
usually, you 
should go into it not for what you can 
get out of it but for what you can give 
to it, and as you give, your returns will 
be in proportion 


able 


society. My answer is, 


Carleton C. Long (St. Joseph Lead 


Pa.) 

any 
longer a theory, or a question of whether 
we should have it or not have it. It is 
here. The question really is, what are 
we going to do about it? 

There is much that we as chemical 
can do about it. The first 
thing is to interest ourselves in the 
administration of the registration acts 
m our interest our 
selves im the operation of the county, 
state 
heering 


Co, of Pennsylvania, Monaca. 


Protessional registration is not 


engineers 


various states; to 


and national professional 


organizations. It 


eng! 
is a sad ob 
but it is a fact that 
the majority of the competence of the 


servation to make 
profession is not represented by those 
presently registered 

Most 
to the 
heensing 


haven't wakened yet 
fact that we have something in 
thrust 
us, more or less from the outside 


eng neers 


which has been upon 
The 
protession is m_ the now 
that Dean Holbrook was in 25 vears 
ago. By and large, it doesn't like what 
it sees and it is inclined to shrug its 


shoulders about it 


position 


As long as the pro 
fession does that, the less competent and 
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less professionally inclined members of 
our engineering societies are going to 
run the thing. 

As long as they who are less com- 
petent run things, they are not going 
to be run to the liking or advantage of 
the more competent, or, and which I be- 
lieve is saying the same thing, to the 
advantage of the profession as a whole, 
and to the advantage of the public. 


D. O. Myatt (Industrial & Engi- 
neering Chemistry, Washington, D. 
C.): I was very much interested in the 
case histories that were given revealing 
the incentives that led one of our speak- 
ers to decide he should become a legal 
engineer. The term, “legal engineer,” 
suggests another thought, that so far as 
the practical, functional use of the li- 
cense is concerned, it seems that the 
engineer is getting it primarily for the 
convenience of the lawyer and for the 
help of the lawyer. It also seems to me 
that it is not a present prerequisite that 
a person achieve legal status as an engi- 
neer before the professionally conscien- 
tious engineers can band together for 
the service functions. There are a num- 
ber of organizations that purport to 
serve the profession, science, and so- 
ciety generally without asserting, at least 
in their structure, that 
that service can be supplied only by 
legal engineers. 


organizational 


J. F. Fairman: | would assume that 
those remarks applied to me, and as 
sume a rather 
cept on my part in getting a license 

No one had ever trained me to a 
wider concept. | was a member of my 
present institute ever since I was a stud- 
ent. I never heard anything about 
ethics, | heard nothing about registra 
tion. | heard a lot about how the engi 
neer could get along better with people, 
how much better he could equip him- 
self 


sordid commercial con- 


The stress was always on the ma- 
terial side. When my eves were opened. 
through the practical recognition that if 
1 were registered I might get bigger 
and better plums, I was brought into 
professional contacts and met people for 
the first time in professional engineer 
ing who talked about these facts of life 
on—let’s talk frankly about it 
itual have endeavored to make 
good the deficiency in my own training, 


the spir 
side. | 


and endeavor to interest others in pro 
moting engineering as a profession, not 
as a series of specialized occupations, im- 
| have tried 
to bring out the fact that there is an 
other side if 


portant as these things are 


it is truly professional, 
that we work not solely for ourselves 
and our immediate economic ad- 
vantage, but we work to build a body 
of men to whom we can point with 


own 
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pride as professional men, men dedi- 
cated to the service of the public. If 
they serve well, the economic rewards 
will take care of themselves. I have no 
doubt in my own mind that the problem 
of the young men could be solved if 
we would do right by them according 
to our opportunities, after they leave 
school and start on their first job by 
talking to them and counseling them, 
leading them, and saying what the fac- 
ulty members ought to be saying. 

The professors tell me, that when 
they say it, it’s like water off a duck’s 
back, but when a prophet from the out- 
side says the same thing, the bows sit 
up and listen. So he may take it more 
seriously if we as professional engi 
neers tell him these things. 

This is the kind of thing we can do. 
And while I will confess 1 started from 
sordid motives, I realize that there is 
much more to it. We can not just let 
George do it. If we leave it to George, 
we'll not like what is done. If we are 
to have a democratic profession we 
have to do it ourselves. And we have 
now started, though we started late, 
really to use licensing as a tool for pro- 
fessional advancement. It is going to 
take a lot of us working together and 
not worrying too much about what we 
will get out of it. The greatest reward 
will be the satisfaction of helping some 
other member of our profession go on 
the right way toward professional ad- 
vancement. 


Norman W. Franke (Gulf Research 
and Development Co., Harmarville, 
Pa.) : Is there any effort being made to 
unify registration laws? The state of 
Pennsylvania and the state of New 
York and each of the states have their 
own laws. Is there any way that we 
can get them together, so a man li- 
censed in the state of Pennsylvania can 
operate somewhere else? We must 
realize that we don't have different coun- 
tries to contend with, as they do in 
Europe, and many companies have men 
in more than one state. 


T. K. Legaré: A great deal is being 
done about it. This Model Law I re- 
ferred to was drafted several years 
ago and representatives of all the na- 
tional societies attended these confer- 
ences. We drafted a new definition of 
the practice of engineering, and the 
National Council, consisting of mem- 
bership of all the states and the thye 
territories, is doing everything it cn 
get uniform laws. ' 

What is needed is to have the law’. 
amended through cooperation by the 
engineers. The members of the board 
can't do it by themselves, in fact some 
of them take the position they should 
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not even try, that the engineering pro- 
fession in the state should promote the 
amendment of these laws. 

I stated that 16 laws were amended 
last year to bring standards up to the 
Model Law. A great deal has been done 
along that line, but it is a slow process. 

1 think it is the duty of the engi- 
neering profession to do something to 
protect the title of “engineer.” I often 
bump up against somebody who never 
has been to an engineering school, not 
even beyond high school, who puts up 
a big sign calling himself an engineer. 
I have a great collection of the uses 
of the title of “engineer.” I have a 
photograph of a stand on Coney Island 
where in great big letters, it says “Hot 
Dog Engineer.” 
exterminators 


I have a letter from 
in Chicago who call 
themselves “Exterminator Engineers.” 
Then we have matrimonial engineers. 
We have people who call themselves 
floor engineers—they are experts on 
fixing floors but call themselves floor 
engineers. 

That brings up the question of en- 
forcement. It has been hard in some 
states to do much enforcing, some states 
have done a great deal. Ohio has done 
more than any other state, and that is 
because the State Society of Profes- 
sional Engineers has gone to court. 

In my particular state I have been a 
member and secretary of our Board for 
27% years. So far we have not had a 

But we have settled more 
than a thousand cases of improper use 
of the title “engineer,” or practicing 
without being registered. 
one specific case. 


case m court. 


I will give 
A County Board in 
our state (the Chairman of the Board 
was a doctor) once elected the 
foreman County Engineer. 

I wrote this man that he 
use that title unless he before 
the board and took an examination 
He paid no attention to my letter. 
We thought we would have a test 
case and | notified him by a certain 
date we would make out a test case 
against him. The County Attorney then 
wrote me and said that this man did 
not claim to be an engineer, he was 
not doing any engineering work. 
The County Commissioners gave him 
that title, they were responsible for 
it, they thought it was a nice sounding 
title, and elected him County Engineer. 
I wrote and said I was glad to have 
that information, we would make the 
County Commissioners a part of the 
suit, we would make out the case 
against this individual and also against 
the County. 

Then I got back another letter, asking 
what they could do about it. I told them 
that our South Carolina Board had no 
desire to embarrass this County Board, 


road 


couldn't 
came 
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that we would be glad to settle the case 
and I made the suggestion that this man 
be called County Physician or County 
Attorney and it would be entirely satis- 
factory to us. The chairman was 
the County Physician, and the man 
who wrote me was the County At- 
torney. They caught the point, and sent 
me a telegram that they had had a 
meeting and the man was now County 
Superintendent of Roads. 


Wayne C. Edmister (Carnegie In- 
stitute of Technology, Pittsburgh, Pa.) : 
The majority of the members of Amer- 
ican Institute of Chemical Engineers 
are of Junior grade. 

Many men in the profession have 
been talking about Engineering Licens 
ing idealistically, with which viewpoint 
one cannot quarrel. However, the 
younger men are thinking of things 
from the economic point of view. 
They want to know how they are 
going to get a job and make enough 
money to get married or buy a home 
or raise children, and pay the grocery 
bill. In order to interest these younger 
people we have to talk their language 


It's all right to talk idealistically and 
tell them they will benefit by running 
their profession themselves rather 
than letting other people run it, but 
I believe from the standpoint of the 
younger engineers you have to talk eco- 
nomics as well. I don't like the idea of 
pooh-poohing the dollars-and-cents part 
of it. That is why men study engineer- 
ing—to make a living. Most of them are 
employed by the larger companies, chem- 
ical companies, engineering companies 
and oil companies, where I presume it is 
not a requirement for the job. 

I suggest that we be more realistic ; 
the younger chemical engineers are pri- 
marily interested in how licensing will 
improve their income. 


E. A. Holbrook: It is perfectly true 
that there are hundreds and thousands 
of engineers employed by corporations, 
on detailed work or on specific work. 
where the man doing that work is not 
required to be a professional engineer. 
But somewhere in that organization 
today, either in Pennsylvania or in 
New York, is a man who puts his stamp 
of approval on the work as a profes- 
sional engineer. Under the law if you 
design engineering work, let it be a 
pressure vessel, where the health and 
safety of the public are at stake, and 
that pressure vessel breaks, | wouldn't 
like to think of the consequences if the 
designer of the pressure vessel was not 
per se a registered engineer. 

So that, if a young man is looking for 
success, advancement, a lifetime in the 
profession, the earlier he gets his reg- 


istration I think the better. Although 
in the dollars-and-cents sense he may 
not use it for a year or two it is cer- 
tainly a lot easier to get it six or 
eight years out of school than it is 30 
or 40 years after he gets out of school. 


J. F. Fairman: | did suggest that 
those of us who are bosses could do 
something practical about it im our 
own organization. Perhaps | didn't ex- 
pand that point enough. I believe 
idealism should be put into practice. 
And we have done that in our own 
company for the last few years. We 
have stopped using the title, “engi- 
neering,” in any form for people who 
are not in fact engineers. And we have 
therefore raised the price tag on those 
titles to a value which is commensurate 
with the training and experience of an 
individual who in fect is an engineer, 

As a matter of fact, that doesn't in- 
flate your payroll appreciably. In any 
large industrial organization, whether it 
is a public utility or a manutacturer or 
whatnot, your payroll is the great rank 
and file who in this day and age are 
definitely unionized. What you do tor 
the relatively few professional people on 
your payroll is not going to make or 
break the corporation. So I say it is up 
to us who are leaders in the profession, 
who are employers of younger engi- 
neers, to treat those fellows as we be- 
lieve they should be treated, according 
to their training and education and age 
and competence. And we can do it— 
we are the only people who can do it. 
And when we start to do that a lot of 
these problems of the young engineer 
will evaporate into thin air. 

Yes, | am idealistic, but I am also 
practical, and | believe we idealists need 
to put our idealism into practice, and | 
am sure it doesn't cost us much, rela- 
tively. 

Now as to the point of view of the 
young man who has the economic 
problem of the $25. And I will grant 
that is a problem of considerable mag- 
nitude. It seems to me that we can show 
him rather convincingly that in spite of 
the fact that it looks like a large sum of 
money in one chunk to get his license, 
and in spite of the fact that the actual 
dues in some one or more professional 
societies look like a considerable sum of 
money, yet compared to what he has 
already invested in his preparation to 
enter this profession, it is a drop in the 
bucket. 

And as engineers, we are supposed to 
have some economic sense. Well, now, 
which does us the most good in the long 
run? I mean “us” individually? The 
answer is our contact with our col- 
leagues in an organization such as this 
where, by the exchange of technical in- 
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formation through publications and dis- 
cussion, each gains something. An engi- 
neer is entitled to that gain by paying 
his relatively modest dues to be a mem- 
ber. We need those technical contacts, 
we need that opportunity to grow in 
our particular technology. 

But many of us are coming to think 
that we need to recognize the broader 
sphere of common interest which we 
have, regardless of our particular 
branch of specialization, and work to- 
gether to build a profession, feeling con- 
fident that when we build something 
that is recognized as a learned profes- 
sion, such as medicine and law, the re 
wards will come. [ think that is prac- 
tical idealism and I think we can sell it 
to the young men. 


M. H. Chetrick (University of 
North Dakota, Grand Forks, N. D.): 
Several years ago I was invited to at 
tend a meeting of professional 
engineers, I was much surprised to find 
that a small majority of the member 
ship consisted of professional men, that 
is, mechanical, chemical, or civil engi 
neers The majority seemed to 
be men who worked in the State High- 
way Department, surveyors, contractors, 
and others, I wondered just how many 
of those men were qualified to join 
their national and how 
had engineering degrees 

I wonder if any statistics are avail- 
able on what percentage of men who 
are licensed actually have engineering 
degrees and are members of their 
national society 


state 


soctety many 


J. F. Fairman: I haven't the statis- 
tics at my fingertips. I will admit that 
my feeling the first time | attended a 
professional engineers’ meeting, my re 
action was like the last 
speaker's. 

When you pass a licensing law you 
can't deprive a man from making his 
living, and so you have the grandfather 
clause, which registers a man providing 
he can show that he has been doing such 
and such for X number of years. Time 
will cure that. The doctors had it. In 
my early days we had doctors who had 
learned medicine by associating with 
somebody, who associated some- 
who in turn with 
somebody, and it went back to the dim 
dark past. We had some young 
men who had real training and they 
were the ones we went to if we were 
really ill 


somewhat 


with 
body, associated 


also 


Anonymous: | happen to be a reg 
istered engineer in the State of Ohio. 
Of course, that doesn't permit one to 
practice in the state of Pennsylvania. I 
do happen to be general manager of a 


plant in Pennsylvania and it would be 
to our advantage to have a registered 
engineer. I have no great desire to take 
a lot of examinations. 

So my problem is to try to convince 
some of the younger fellows that they 
should obtain a license. I have ap- 
proached four or five of them, and they 
give me an argument that the fellows 
they see who are registered could not 
pass these examinations. How should | 
answer them? 


T. K. Legaré: I would like to say to 
our friend, don't be too hard on some of 
the fellows who are not college grad- 
uates. We recently had a written ex- 
amination for, I think it was five me- 
chanical engineers, and the questions 


were prepared by the professor of me- 


chanical engineering. Those papers were 
numbered, and only I knew which was 
which. The professors came in, very 
much excited, and said one of the boys 
got 97 per cent, “And | want to know 
if it was one of mine.” The man who 
made the 97 had never been through 
high school. 

Regarding benefits to the 
engineers, several companies 
their men to be registered. 

Our State Board of Health has a 
schedule of salaries and the man who 
wants to be put in that schedule as 
Sanitary Engineer has to be registered, 
if he is not he is called a sanitarian, or 
something like that, and makes about a 
hundred dollars a month less. 


younger 
require 


John J. O'Neill (Western Cartridge 
Co., Division of Olin Industries, East 
Alton, Ill.): To reiterate a point made 
previously, the fact that only 24 chem- 
ical engineers have seen fit to apply for 
registration in the State of Pennsyl- 
vania, in the last three years, points out 
a serious fault in my mind, not so much 
as far as regulation of engineers is con 
cerned but a fault which the American 
Institute of Chemical Engineers and all 
other engineering institutes are facing; 
and that is education of the engineer. 

I am not blaming the colleges—be- 
cause in my estimation the education of 
an engineer is only beginning when he 
gets his Bachelor's degree. But unfor- 
tunately too often it is not only the be- 
ginning but also the end and what he 
gets from then on is what he gets on 
his own. That brings us back to pro- 
fessional guidance. In my estimation 
professional guidance as it is now prac- 
ticed is neither fish, flesh, nor good red 
herring—it’s nothing. 

The only step forward that I have 
seen in the last couple of years to ad- 
vance professional guidance, was made 
by Dr. P. D. V. Manning about three 
months ago. He suggested in 
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Chemical Engineering Progress that the 
engineers of two- or three-years’ exper- 
ience go back to the colleges and talk 
to the seniors before they receive their 
degrees, teliing them a little bit about 
what the engineering profession really 
is. I think that’s fine. I think that 
ought to be done, I am trying to prac- 
tice that myseli. 

I think this suggestion has to be picked 
up in industry, and we can’t just accept 
the young engineer and let it go at that; 
if he joins the A.L.Ch.E. fine; if he 
doesn't, fine, if he becomes a registered 
professional engineer fine, and if he 
doesn't, fine. I think we have to decide 
what is the best course and actually 
guide the young engineers in the first 
three or four years after they receive 
their B.S. degree. 


Charles R. Bartels (EF. R. Squibb & 
Sons, New Brunswick, N. J.): I am a 
professional engineer from the state of 
New Jersey. 

Licensing or registration implies 
qualification. After a man is qualified 
he has perhaps specialized in one smal! 
part of the engineering field. Yet by 
virtue of his registration or licensing 
he can put his seal on any one of a 
large number of papers, designs, plans, 
blueprints, which indicate to the non- 
professional observer that these are sat- 
isfactory. There is, of course, the mat- 
ter of ethics involved. Some people 
take that with less responsibility than 
others. However, the point is there, a 
man can specialize, and yet by virtue of 
his engineering license can approve 
work which is almost wholly outside his 
field of knowledge. 


J. M. Weiss: As far as that is con- 
cerned there has been no trouble in New 
York State; there hasn't been a case 
yet. Such things are handled by ethics, 
and they can revoke a license if a man 
attempts to go into a field in which he 
is not qualified. That has not happened. 
I think you have the same thing that 
you have in the medical profession. 
Whether a man is a surgeon or an eye 
specialist or a heart specialist, he is first 
of all a doctor, and you have to rely 
on his professional ethics and profes- 
sional feeling to prevent his practicing 
in a field in which he is not competent. 
When our profession is high enough in 
standing there is no trouble from that. 

And it has been rather heartenin 
that in New York—and in New aren | 
where there is that situation that the) 
speaker has mentioned—there hasn't 
been a case yet of any complaint of an 
engineer going out of the sphere in 
which he is qualified. 


THE END 
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BATCH RECTIFICATION 


Analytical Expressions for Yield Fraction of Batch Distillation 


with Finite Reflux Ratio 


JU CHIN CHU 


Polytechnic Institute of Brooklyn, Brooklyn, New York 


With the application of Smoker's equation and Eshaya’s method respec- 
tively, analytical expressions are derived for binary mixtures giving the 
yield of distillate of a given composition obtainable by batch fractiona- 
tion of a given charge in both an ideal column and a column with holdup. 
It is assumed that the reflux ratio is continuously increased throughout 
the rectification to maintain the product composition constant with a 
finite reflux ratio at the cutting point. The equations derived are ap- 
plicable to complex mixtures if the effective binary system as proposed 


by Hengstebeck is employed. 


ETHODS of calculating batch 
fractionation curves for a binary 
mixture, where the effect of column 
holdup is recognized, have been given 
by Rose, Welshans, and Long (10) and 
Colburn and Stearns (4). In both cases 
a constant reflux ratio is assumed and 
the composition of the overhead prod- 
uct varies accordingly. 
Edgeworth-Johnstone (5) pointed 
out the fact that batch fractionation in 
practice, starts with a low reflux ratio 
and increases as the cutting point is 
approached in order to conserve heat- 
used in fractionation. Composition of the 
distillate is maintained approximately 
constant at the desired value throughout 
the distillation. By assuming that the 
reflux ratio is continuously increased 
throughout the distillation to maintain 
a constant composition of the distillate 
and becomes infinity at the cutting 
point, he (5) derived equations for 
both binary and complex mixtures 
showing the yield of distillate of given 
composition obtainable by batch rectifi- 
cation of a given charge, taking into 
account both degree of fractionation 
and column holdup. Equations, derived 
from the material balance and Fenske’s 
equation for total reflux (8), are exact 
for binary mixture and of a good ap- 
proximation for complex mixtures. 
Bogart (1) carried out a number of 
McCabe and Thiele constructions at 
different reflux ratios, keeping the dis 


Vol. 46, No. 5 


tillate composition constant, and plotted 
composition of liquid left behind in the 
still against a function of composition 
changes and reflux ratio. However, no 
column holdup has been allowed in his 
derivation. 

Edgeworth-Johnstone (6) described 
a general method for calculating yields 
from batch rectification of a binary 
mixture under constant distillate con- 
dition for any given reflux ratio at the 
cutting point. The method allowed for 
the effect of column holdup. However, 
his stepwise method is tedious. With 
the aid of Underwood's equation for 
calculating minimum reflux ratio (13), 
he derived an approximate analytical 
expression for. both binary and complex 
mixtures, applicable to the cases where 
holdup is negligible and a"*! is greater 
than 5000. 

Analytical expressions are developed 
here which give the yield from batch 
rectification directly when reflux ratio 
is continuously increased throughout the 
rectification to maintain the product 
composition constant, and has a finite 
value at the cutting point. 

This was described as “batch rectifi- 
cation under constant distillate condi- 
tion.” (4). To secure this constant dis- 
tillate composition, a constant rate of 
heat input to the still and an automatic 
control of reflux ratio with the temper- 
ature of overhead vapor are provided. 
Through the use of an “effective binary 
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system” as introduced by Hengstebeck 
(9), the derived equation can be used 
also for solving problems in batchwise 
multiple component rectification. 


Binary System 

Due to the presence of holdup of li- 
quid in the column and incomplete frac- 
tionation, the actual yield of distillate 
can never reach 100%. Packed columns 
usually have lower holdup than the plate 
column with the same number of theor- 
etical plates. The channeling effect 
present in a packed column limits the 
possible increase in its height for a 
difficult separation. Redistribution de- 
vices after every few feet are fre- 
quently used to minimize channeling in 
industrial installations. With large rela- 
tive volatility of the components in- 
volved in batch fractionation, a packed 
column with a relatively fewer number 
of theoretical plates and low holdup 
gives better yields than a plate column 
with many plates which inherently carry 
a much higher holdup. 


Ideal Column 


1. Application of Smoker's Equation. 
Consider an ideal column having a 
theoretical plates with no holdup. A 
batch of F moles of a binary mixture, 
in which the mole fraction of the more 
volatile component is sy, is distilled 
with increasing reflux ratio to maintain 
the distillate composition constant at 
+ p- 

From a material balance up to the 
cutting point of the batch distillation 
when a distillate of constant composi- 
tion has been collected : 


F=L+D (1) 
Fr,> (2) 


Solving (1) and (2), 


- 
i 
a 


Mole Fraction Vapor, y 


Figure 1 


Fit, 


(3) 


*p 

With a translation of coordinate axes 
so that the origin is located at the point 
of intersection of the operating line and 
the equilibrium curve, Smoker (12) de- 
veloped an ingenious method for an 
analytic determination of number of 
theoretical plates in a fractionating col- 
umn for a binary system 

If the equation of the operating line 
and the equilibrium curve are, respec 
tively, 


ma +b 


They became, when referred to the 
new axes, 


Where 


é 


k is the x coordinate of the new ori- 
gin and is readily obtained either by 
solution of the quadratic equation re 
sulting from the elimination of y be- 
tween Equations (4) and (5), or pref 
erably by using a monograph prepared 
by Bisesi (2). 


Page 216 


Mole Frrachon in Liquid * 


Starting the stepwise procedure from 
the point +)’, y;" on the operating line 
(See Fig. 1) which is the composition 
of the vapor leaving the top plate, use 
of a total condenser is assumed. Com- 
position of the liquid from that plate is 
given by the equation of the equilibrium 
curve. 


(8) 
L)y,’ 


Substitute (6) into (8), 


mec? x’ 
D (9) 


a—me(a— 1)xp’ 


Similarly, 


(10) 


a—me(a— 


Combining (9) and (10), 


~ 
mictry 
~1l)(a + me*) 


(11) 


a? 


Continuing the stepwise substitution 
to the nth plate and solving for the num 


ber of theoretical plates: 


(1 — Mz,’) 
log 


| (12) 


x,'(1— Mxp’) 


Where 
me(a— 1) 


a mc” 


Carrying the stepwise substitution one 
rp’ (1 — 
rp (1— Mery’) 


Solving (13) for 


step further, 


k 


*p 


(1 — ( 3) 


tp’ = sp —k, x," 


(14) can be reduced to 
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It is noted that Equation (15) ex- 
presses the composition of the liquid left 
m the still at the end of batch rectifica- 
tion m terms of a function containing 
the constant composition of overhead, 
average relative volatility of the system, 
reflux ratio at the end of batch rectifica- 
tion and the number of theoretical plates 
in the column. Therefore, use of Equa- 
tion (15) avoids the tedious plate-to- 
plate calculation in finding the composi- 
tion of the liquid left in the still at the 
end of batch distillation. 


Substituting (15) into (3) 


k+ 


k + 
(1—M(xp 


The total quantity of distillate of 
composition x contained in the original 
charge ts Fx,/xp. Dividing the amount 
of distillate collected up to the cutting 
point by this quantity gives the yield 
fraction 


Xp) 


Where 
a 


U = ( 


+ Mixp—k) 


mc 


Equation (17) indicates that the yield 
fraction of a binary batch rectification 
can be calculated if the composition of 
the original charge into the still, reflux 
ratio at the end of the distillation, com- 
position of the overhead product desired, 
average relative volatility of the system, 
and the number of theoretical plates in 
the column are given. 


2. Application of Eshaya’s Method 
Eshaya (7) introduced an equivalent 
straight line, which is defined as “ficti- 
tious equilibrium line,” in place of the 
equilibrium curve on McCabe-Thiele’s 
diagram. Equations of the fictitious 
equilibrium line and the operating line 
are: 

y= mrxr+b (18) 


y=umr+b (19) 

Starting from the top of the column 
the stepwise substitution by means of 
(18) and (19) gives: 


log 


*p 


1) 


Where # = number of theoretical 
plates in the fractionating column. 

Carry the stepwise substitution one 
stage farther, 


It was found that this equation was 
extremely sensitive to the slide rule cal- 
culation (71) when the value of relative 
volatility was low. In these cases, the 
following equations derived by Eshaya 
on the basis of expanding RT e307 
into a Maclaurin series are more ap- 
plicable. 


2 
a 
— +7) + (4,3 — 


3 


*— — 2.303rp(1 — m) log 


+ M(rp—k) 


(22) 
my 
log - 
m 
According to Eshaya (7), m, can be 
solved from the following expression : 


Gilt) 


+, 
(23) 


Where q,(+*) is the expression for 
the original equilibrium curve. 

For an ideal liquid mixture (3), rela- 
tive volatility has little variation and 
can be assumed constant at an average 
value, and q,(+) has therefore the fol 
lowing form: 

ar 
1+ 


Substituting this into (23), the fol 
lowing form results : 
dx 


1+(a—I)er 


After integration and substitution of 
limits, Equation (24) can be solved for 
m, (3): 
1+ (a—1)4rp 
1+(a-—1 


Where +x,, the composition of liquid 
from a plate above the still, is related to 
the composition of liquid in the still by 

at, 


—— = ¥p = mx, +b 
1+(a—Il)r, 


art, 
1+ 


Where B = a— 1. 


When only the first three terms of 
the expansion are considered sufficient, 
Equation (26) can be simplified to 


? (1p + 


; + tpt, + 7/7) 
2.3032 — m) Xp 
log —— 

— xy 


(28) 


(22) can be solved for ry, 


Substituting (29) into (3), 


The yield fraction can, therefore, be 
expressed by: 


(MM) 


It was noted that the final form of 
Equation (31) for the calculation of the 
yield fraction is simpler than that de 
rived from Smoker's equations. How- 
ever, the slope of fictitious equilibrium 
line can not be found directly from 
Equation (25) and (26), as +,, the still 
composition at the cutting point is also 
unknown. A trial-error method has to 
be used in solving Equations (25), 
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(26), and (29) for the slope of the ficti- 


tious equilibrium line at the cutting 


port 


Column with Holdup 


1, Application of Smoker's Equation 
Considering an actual column having a 
holdup of Q moles per theoretical plate 
with other conditions the same as for 
the ideal column, at the beginning of dis- 
tillation the column is assumed to be 
empty. If O% represents the total moles 
of A holdup in the column, the material 
balance equations become 


F=-nQ=D+L (32) 


Dap + Lag = Pay — (33) 

Where ir represents the summation 
of mole fractions of more volatile com- 
ponent in the liquid on plates 


Solving (32) and (33) for D. 
Fa,— OSs 


D 
(34) 


By substituting (15) into (32), 
can be eliminated 


— mc(a — 1) 
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For a packed column where a contin- Edgeworth-Johnstone (5) found that 
uous change of composition exists, the  ¢he correct value can be obtained by in- 
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between | and m. For a plate column, h aa chal. 
it gives a value of Xx somewhat too low, “retical plates 
(x 
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Dividing D by one obtains, 
k 
D | Fa,— (F k+ | 
Fx, hx, 
(tp —k) ( 
(36) 
The proportion of vapor in the col 
umn is assumed to be so small that the 
average composition of the total mater Let 
ial holdup is almost the same as that of 
hquid holdup me(a—1)\ k) (38) 
Composition of the liquid from the om oe 


top plate of the column is given by 


(9) 

By the stepwise substitution of equi 
librium curve and 
Smoker (72) the for 
the composition of the liquid from the 
ath plate 
new origm 
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Composition of the liquid from mth 
plate is therefore represented by 
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(36) can be transformed into 


The value of Xr, calculated by Equa 
tion (39), is then multiplied by Q moles 
of holdup per theoretical plate, to give 
the total amount of holdup in the column 
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at the cutting point of batch fractiona 
tion where the reflux ratio is finite. 

If the column is not empty at the be- 
ginning of the distillation 
must be added to the original charge in 
up the 
balance in the derivation for the expres 
sion of vield fraction 


its contents 


setting equations for material 


2 Application of Eshaya's Method 
With the aid of Smoker's Equation 
(12), Equations (36) and (39) are de 
rived for the calculation of yield frac 
batch fractionation, with a 
finite reflux ratio at the cutting point. 
The assumption involved is the validity 
of Smoker's equation in which constant 
relative volatility is assumed 

In the nonideal solution, 
relative volatility varies greatly with the 


tion of a 


case of a 


concentration. 


his 


Eshaya (7) found that 


method for the calculation of 
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theoretical plates can be applied to non- 
ideal systems, as well as ideal ones, 
provided the vapor-liquid equilibrium 
curve could be given in the form of a 
power series : 
> Gil*) A,+B, 
+C3+. + S,° (40) 
Substitution of Equation (40) into 
Equation (23), integration and rear- 
rangement leads to: 
1 
m = A+- 
< 
Ss 
s 


In general, three terms in Equation 
(40) are sufficient to represent the 
vapor-liquid equilibria of the usual non- 
ideal system, in such a case Equation 


(41) simplifies considerably be- 
comes : 
( 
m, = A+- > (4p + 4,) + (40° + 
Where 


x, =1/m[ Arg + Brg? + — 


Substitution of Equation (29) into 
(34) gives the expression for number 
of moles of distillate collected up to the 
cutting point 


Fs,— Qir — 


mn +! m \*r! 
) + nOxo( ) 
my my 


D= 


+ — — —2.303rp(1 — m) log = 
x 


Where m, can be calculated from 
Equation (42). 

With the application of Eshaya’s 
method, Equations (43) and (45) are 
derived for the calculation of yield frac- 
tion of batch fractionation with finite 
reflux ratio at the cutting point. These 
expressions are much simpler than those 
derived with the application of Smoker's 


(rp? — + > (#p* — + . 


(41) 


equation. If equilibrium data could be 
available in the form of a power series, 
this method can be applied to nonideal 


*p(1—m) x 
Spt. + 4,2) — 
2%, 


as well as ideal systems. 
If the liquid solution is an ideal one 
in which relative volatility has little 


m \"*1 
my 


) 
Yield fraction = Dep 


Fr, | 


X*r can be found by the same method 
employed previously, 


(44) 


Integration and substitution of limits 
of Equation (44) gives: 


ir=2fp 
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variation, m, the slope of “fictitious 
equilibrium line” can be calculated from 
Equations (25), (26) and (29). 

The example used by Edgeworth- 
Johnstone (6) is also illustrated here. A 
mixture of chlorobenzene and bromo- 
benzene is subjected to batch rectifica- 


TABLE 1—OOMPARISON OF YIELD FRACTION CALCULATED BY EDGEWORTH 


tion in a column with ten theoretical 
plates. The feed contains 40 mole % of 
chlorobenzene and the composition of 
overhead product is specified as 98% of 
the latter. 

The average relative volatility is 
1.8896 and the holdup per plate per mole 
of the feed is 0.01, Yield iractions at 
different reflux ratios calculated by 
Smoker's equations for both ideal col- 
umn and column with holdup are pre- 
sented in Table 1, together with the 
results calculated by Edgeworth-John- 
stone. It is noted that the average per- 
centage of deviation between two meth- 
ods is within —4%. In the case of a 
column with greater number of theoret- 
ical plates, the agreement must be excel- 
lent. 


Complex Mixtures 


Hengstebeck (9) presented a simple 
graphical method for solving continuous 
multicomponent distillation problems 
which is a modified McCabe-Thiele 
method. Multicomponent systems are 
treated as binary systems of the key 
components with liquid and vapor quan- 
tities in the distilling column adjusted to 
“effective” quantities which are calcu- 
lated upon the following assumptions; 


1. Negligible concentrations in the strip- 
ping section of Components more vol- 
atile than the key components 

2. Negligible concentration in the recti- 
fying section of components less vol- 
atile than the key components 

3. Values for the “constant concentra- 
tions” of the components lighter and 
heavier than the keys. The “effective” 
liquid and vapor quantities, Le., quan 
tities of the keys present in the liquid 
and in the vapor, are approximated 
by subtracting the “constant” quanti 
ties calculated from the total liquid 
and vapor quantities. Composition of 
feed, overhead and bottom products, 
in terms of mole fraction of the light 
key, are also converted into “effective 
mole fraction” of the light key. These 
values of “effective quantities” are 
used then to determine the required 
number of theoretical plates by a Mc- 
Cabe-Thiele construction in which the 
keys are treated as a binary system. 

Smoker's equation and Eshaya’s 

method which are applied to solve bin- 


JOUNSTONE (6) AND BY EQUATION OF SMOKER’S FORM 


Vield Frac 
tien from oan 
Ideal Column 


Sul 
Com position Edgeworth- 
obnstone 


Reflux 
Ratio 


0.260 0.476 
0.723 


0.808 


0.157 
0.117 


Yield Frac 
tion from « 
Column with 
Holdup 


Edgeworth. 
Johnstone 


0.319 


0.723 0.563 


0.807 0659 


| | 
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(43) 4 
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D m, 
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a+05 
m \* 
4 my, 
| 
m 
f In ( ) 7 0.502 — 0.356 
m 
(45) 20 0.667 
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ary distillation problems, can be applied 
to this effective binary system. In the 
case of batch rectification where only 
the enriching column is involved, the 
assumption made by Hengstebeck might 
conform more closely to the actual col- 
umn condition. In a mixture containing 
components 1, 2, 3 to be separated into 
“pure fractions” by batch rectification 
the first overhead fraction collected con- 
tains nearly pure component | with 
small amount of component 2. Compo- 
nents | and 2 are chosen as the key 
components. “Effective mole fractions” 
of component | in the overhead product 
and original charge to the still are cal- 
culated by Hengstebeck's method. Equa 
tions (17), (31), (36), and (43) can 
be used to calculate the yield fraction 
of component from a column with and 
without holdup, provided the relative 
volatility component | with refer- 
ence to component 2 is used. The reflux 
ratio used in these equations is the same 
as the actual one at the cutting point. 


ot 


Iliustration. A mixture of chlorobenzene 
and bromobenzene containing 40% of the 
former is separated by batch rectification 
under the atmospheric pressure to give an 
overhead product of 98 mole % of chloro 
benzene. Moles of material held up in the 
column per theoretical plate per mole of 
the feed is O<.01. Ii the distilling column is 
equipped with plates equivalent to ten 
theoretical plates, calculate the yield frac 
tion if a reflux ratio of 12 is used at the 
cutting point. The pressure drop through 
the column can be neglected for the pur- 
pose of the calculation. Barometer reading 
during distillation is normal 


Solution 


a for the system 1.3896 


12 
1241 
0.98/(12 


R/(R +1) 0.923 


+1) 


0.0754 


+1) 


Solving (4) and (5) and substituting the 
values of m, b, and a into the final expres 
sion, K is found to be equal to 0.09145 


1) 


1 + (1.8896 
1.08135 
Using (38) 

mi K) 
0.925 1.08135( 1.8896 


0.09145 ) 


me") 
1) (0.98 
0.923 1.08135") 


(a 


0°97 
a/ 1.75079 


Using (39) 


+ 


K) 


nk 


0.9145 (0.98 0.9145 ) 
097361 


= 6235 


Us 


Using (36), 


Yield fraction = ¥ = 


(1 — U") (a/me®y™" + U" = (1 — 0.97361) (1.07928)" + 0.97361 = 


EX; 


5+ 
ose 5®- 10 — 6.2350 — (100 — 10) ( 009145 + 


13.47835 


— (F—99)(K + 
— K) (1-1/0) 


0.98 — 0.09145 
13.4784 


(0.98 — i- 


Notation 


= constants in equation of 


* total 


= mole 


equilibrium curve 
intercept of operating 
line with Y axis 
1+f(a—I1)k 
moles of charge, 
distillate and residue 
respectively 
X—coordinate of point 
of intersection of 
erating line and equili- 
brium curve 


Op- 


slope of operating line 
“fictitious equi 
librium line” 


slope of 


reflux ratio at the cutting 
point 


1) 


mctla 
a 


number of theoretical 
plates in column 

moles held up in column 
per theoretical plate 


+ Miryn—k) 


a— me 


{1 


mic 


k) 


exponent in last term of 
Maclaurin series, an 
even number 


fraction of more 
volatile component in 
charge, distillate resi- 
due on first plate, on 
ath plate and etc., 


"+ 


log 


~ (a/me 


(a/m 


(a/me*) 


) 


0.97361 + (1 — 0.97361) 1.75079"" 


log 07361 


+ (1 — 0.97361)1.75079%* 
log 1.75079 


counting from top of, 

column respectively 
*,",x,", etc. = mole fraction of same re- 
ferring to new orig'n 

in Smoker's method 
etc. = mole fraction of more 
volatile component in 
vapor from still, first 
plate, nth plate and etc. 


mole fraction of same re- 
ferring to new origin 
in Smoker's method 
= yield fraction 
relative volatility 
=a-—! 
sum of plate-to-plate li- 
quid composition 
- 


Literature Cited 


Bogart, J. B, Trans. Am. Inst 
Chem, Engrs., 33, 139 (1937) 

Bisesi, C. H., Petr. Refiner, 22, 236 
(1943). 

Chu, J. C., Chem. Eng. Progress, 4, 
721 (1948). 

Colburn, A. P., and Stearns, R. F., 
Trans. Am. Inst. Chem. Engrs., 37 
291 (1941) 

Edgeworth-Johnstone, R.. 
Chem., 35, 407 (1943) 

Edgeworth-Johnstone, R., 
Chem., 36, 1068 (1944) 

Eshaya, A. M., Trans. Am. Inst 
Chem. Engrs., 43, 555 (1947) 

Fenske, M. R., Ind. Eng. Chem., 24, 
482 (1932). 

Hengstebeck, R. J.. Trans. Am. Inst. 
Chem. Engrs., 42, W9 (1946) 

Rose, Arthur, Welshams, L. M., and 
Long, H. H., /nd. Eng Chem., 
673 

Scheibel, E. G.. Chem. Eng. Progre ssh 
#4, 721 

Smoker, E. H.. Trans. Am 
Chem. Engrs., 34, 165 (1938) 

Underwood, A. J. V.. Trans 
Chem. Engrs. (London), 10, 
41932) 


lid. Eng 


ind. Eng 


Inst 


Inst 
112 


May, 1950 


4 
= 
) 
= 0.58379 
| 
b = 
5 
; 
FDL 
ete. 
q 
m, = 
a 
B 
R= 
— 
ne 
Q-= 
= 
Wee: 2 
3 
= 
= 
*p*p 
ete. > 
U + (1 4 
12 
13 
10 
t 
Page 220 CHEMICAL 


HEAT TRANSFER IN STABLE 
FILM BOILING 


LeROY A. BROMLEY 


University of California, Berkeley, California 


By the use of equations, which are derived from a few simple premises 
and well verified by extensive experimental data, it is possible to calcu- 
late coefficients of heat transfer to be expected in natural convection 
stable film boiling from a horizontal tube. 


The method employed for the derivation may be applied to derive equa- 
tions for heat-transfer coefficients to be expected in film boiling from 
any other shape. Equations are derived for the case of film boiling from 
a vertical tube or a vertical plane surface. 


HE name, film boiling, has been 
given to that type of boiling which 
occurs when a complete vapor film ex- 
ists between the heated surface and the 
boiling liquid. Nucleate boiling, in 
which the vapor originates from indi- 
vidual points on the hot surface, is the 
type of boiling most generally encoun- 
tered (13) and usually is to be preferred 
because of the large heat-transfer coeffi- 
cients that can be obtained. 
The basic equation for heat transfer 
8 written: 


q = (1) 


q represents the heat transferred per 
unit time; A is the coefficient of heat 
transfer; A represents the area; Af is 
the temperature difference between the 
hot surface and the boiling liquid. 

It is the purpose of this work to de- 
velop a sound theory which will predict 
the coefficients of heat transfer to be 
expected when there is stable film boil- 
ing. Experimental work was all carried 
out on the boiling of liquids from the 
outside of horizontal tubes, although the 
equations are also developed for the case 
of free convection stable film boiling 
from a vertical tube. 


Occurrence of Film Boiling 


Operation of jets or rockets fre- 
quently involves the contact of a boiling 
liquid with hot surfaces; this is the con- 
dition for film boiling. 

Film boiling usually occurs in the 


Note: Supplemental and calculated data 
comprising Tables 1-19 are on file (Docu- 
ment 2750) with the American Documenta- 
tion Institute, 1719 N Street, N.W.. Wash- 
ington, D. C. Data can be obtained by re- 
mitting 50 cents for a microfilm and $1.90 
for photoprints. 


Vol. 46, No. 5 


boiling of mercury, especially at high 
heat fluxes. Attempts to use the mer- 
cury-steam cycle to obtain better thermo- 
dynamic efficiency in the use of heat 
have been hampered by a lack of know!l- 
edge of this phenomenon. 

In any boiler operation in the nu- 
cleate range where the heat input is the 
controlled variable, as in an electrically 
heated boiler or an atomic power plant, 
there is always danger that the temper- 
ature of the heated object will rise 
abruptly if the heat input is above the 
minimum critical heat flux. (See Fig. 
1.) The danger is even greater if the 
heat input is near the maximum critical 
heat flux and since the temperature rise 
would be large, it probably would have 
a very pronounced effect on the system, 
such as expansion and weakening of the 
parts to cause breakage. It is therefore 
most important that in the design of any 
such boiler consideration be given to the 
possibility of the occurrence of film 
boiling. In some cases it may be desir- 
able to operate in the film-boiling range 
because of the predictable and smooth 
variation of the heat-transfer coefficients 
with this type of boiling. 

In selecting quenching agents for 
the heat-treating of steel or other 
metals, it is usually film boiling com- 
bined with natural convection in the 
liquid (important if the liquid is be- 
low the boiling point) that produces 
the temperature drop in the metal 
where most of the desirable effects are 
noted. 

In thermal cracking operations it 
may be desirable sometimes to use high 
temperatures and short contact times. 
It would appear that film boiling 
might be the answer. 
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Thus it is apparent that the phe- 
nomenon of film boiling is real and 
that a sound theory by which to pre- 
dict heat-transfer coefficients is needed, 


Previous Work on Film Boiling 


An extensive survey of the known 
facts about film boiling up to 1937 has 
been published (2). Recent data 
(1937-48) have been reviewed and 
discussed (3). From this the follow- 
ing qualitative facts may be listed. 


Metastable Film Boiling 


1. All high-speed photographs of me- 
tastable film boiling indicate definite 
waves or ripples in the vapor-liquid boun- 
dary (13, 6, 22, 23). The film sometimes 
appears to build up alternately and col- 
lapse (7a). Sometimes the liquid appears 
to contact the tube continuously at numer- 
ous points on the tube 

2. The heat-transfer coefficients are 
higher than would be predicted if the film 
were perfectly smooth. This is at least 
partially due to the ripples (3) 

3. The nature of the hot solid surface 
is important but decreasingly so as the 
stable film-boiling region is approached 
(3, 21, 20, 23) 

4. An increase in pressure, while boil- 
ing is maintained, especially when the 
pressure approaches the critical value, 
lowers the critical At and the (¢/A) mes 
thus making it increasingly easy to get 
film boiling (5) 

A decrease in the liquid vapor inter- 
facial tension causes a lowering and shift- 
ing to the left of the metastable portion 
of the curve in Figure 1 (6, 15, 13). Such 
a decrease also shifts the critical temper- 
ature difference At. appreciably to the left 
and downward. This effect is completely 
ignored by certain authors (11, 12). 


| 


Fig. 1. Typical Boiling Curve. 
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Horizontal Tube. A simple theory 
will which will enable 
one to calculate the coefficients of heat 
transfer to be expected in stable film 
boiling (for natural convection) from 
the outside of a horizontal tube. The 
vapor film is in dynamic equilibrium 
for as it under the action of 
buoyant vapor is added to it 
from the boiling liquid. The necessary 
supplied by conduction and 
the film. This mech 
appears from visual observa- 
tions to be the situation on about the 
lower two-thirds of a tube; here there 
appears to be a fairly contin 
uous film. There appears to be some 
local disturbance at the bottom of the 
tube but it is not great except at high 
fluxes. On the upper third of the tube, 
the 
cated for in this part the bubbles form 
most of the heat 
will be transferred on the bottom two 


be developed 


rises 
forces 


heat is 
radiation across 


anieom 


smooth 


however, situation is very compli- 


before rising. Since 
thirds of the tube it would seem most 
important to the theory fit the 
situation in this part of the tube 

Assumptions in the 
follow 


have 


sumple theory 


1. The liquid is separated from the hot 
tube by a continuous vapor blanket 

2. Heat travels through vapor film by 
conduction and radiation 

3. Vapor rises under 
buoyant forces 

4. Vapor-liquid interface is smooth in 
that section of tube where most of the 
heat is transferred 

5. Rise of the vapor is retarded by the 
viscous drag on the tube and more or less 
on the liquid 

6. Latent heat of 
major item 
vapor film 

7. The kinetic energy of vapor in film 
is negligible 

& Vapor-liquid interface is smooth and 
comtmuous and is not affected by a varia 
tion m the vapor-liquid ten 


the action of 


vaporization is the 
the heat supplied to the 


intertacial 

% It is permissible to use an average 
value tor the temperature difference be 
tween the hot tube and the boiling liquid 
aml treat it as a constant value around 
the tube in the integrations. This ap 
proach to the problem is essentially that 
used by Nusselt (17) for condenser prob- 
lems and has been shown (4) to be justi 
fied in the case of condensers to within 
the accuracy required for engineering cal 
culations 

10. The boiling liquid is at its boiling 
pont at the vapor liquid interface 

1}. For engineering calculations it wil! 
be satisfactory to evaluate all physical 
t the vapor at the arithmeti 
average temperature of the hot surtace 
and the boiling liquid 

12. The combined effect 
errors um the 


properties 


of most of the 
assumptions may 
evaluating a 
factor to be determined from 
the experimental data 


The 
case ot 


toregomng 


he corrected by stitable 


“constant 


foregoing assumptions for the 


negligible radiation were 


mathematical 


ex- 


pressed = in equations 


which are similar to Nusselt's equa- 
tions for condensers with gp replaced 
by Equation 2 results from 
the integration of the resulting differ- 
ential equation. The constant should 
theoretically have the value 0.512 if 
the liquid surrounding the tube is 
assumed stagnant and 0.724 if the 
liquid moves completely freely with the 
vapor 


(const) DaiPr 


All physical properties of the vapor 
are evaluated at the average tempera- 
ture of the film. This average has been 
arbitrarily taken as the arithmetic 
average of the tube surface tempera- 
ture and the boiling liquid temperature. 

The assumption that the latent heat 
is so large that the heat required to 
heat the film is negligible may be ser- 
iously in error. Thus the dimension- 
less group in Equation (2), that is the 
constant, would be expected to be a 
function of the ratio of the heat re- 
for vaporization to the heat 
used in raising the temperature of the 
film. That is to say, 


2a Ate 
(const) ) ( ) 
Ak A 


(3) 


quired 


If the kinetic energy of the vapor 
in the film is not negligible then the 
derivation should be changed to in- 
this kinetic term in 
Bernoulli's equation. A detailed analy- 
sis of this effect shows that 


DatPr 

k* pi par 
( Ate, ) 

Pr | 
where the constant is only a true con- 
in the simple theory (Equation 
(2)). Thus it that by 
experimental the 
constant against the group Afc,/a’P’ 
the combined effect of kinetic energy 
in the vapor film Equation (4), and 
the heat capacity of the vapor in the 
film (Equation (3)) should be shown. 
Errors in other assumptions in the 
simple theory should show up also on 
this plot. The amount of flow of the 
liquid at the boundary 
affects the constant. It will be shown 
in the on results that 
the limit of experimental error there is 
no trend of the constant with the 
group Afc, ’Pr and hence the errors 
in the simple theory either tend to can- 
cel or are of small magnitude 


clude energy 


(4) 


stant 
can be seen 


plotting values of 


vapor also 


section within 


Vertical Tube or Plate. No experi- 
mental work is reported on natural 
convection film boiling from a vertical 
tube or plate but by applying the same 
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simple theory as for the horizontal 
tube, the following equation follows: 


— 


hee = LaiPr 


(const’ ) 


L is the distance along the tube or 
plate in the direction of vapor flow. 


Effect of Radiation. Since interest 
is centered in the combined effect of 
radiation and convection, the effect of 
radiation on the convection coefficient 
should be studied. An attempt was 
made to put the effect of radiation di- 
rectly into the differential equation for 
convection. The result was not readily 
soluble. It was therefore thought that 
a less rigorous but at least qualitatively 
correct approach was in order. Let us 
postulate that the radiation from the 
tube will be largely absorbed in a small 
thickness of the liquid and hence will 
produce vapor which will contribute 
to the vapor film thickness. This is 
equivalent to saying that the transmis- 
sivity of the liquid is low for thermal 
radiation. Since the total coefficient is 
merely the sum of the convection and 
radiation coefficients, one can write 


h=ho+h, 


For any given value of A,, (the con- 
vection coefficient if there were no radia- 
tion) the pressure drop from the bot- 
tom to the top of the film, viscosity of 
the diameter of the and 
density of the vapor may be taken as 
constant. Hence, the weight flow, w, 
at any angle @ measured from the bot- 
tom of the tube is proportional to the 
cube of the thickness of the film 


(6) 


vapor, tube 


waa* 7 ) 


li the contribution of the radiation to 
small, then, since the rate of in- 
with angle de 
the angle is increased, w 
mereases with H (the total weight 
flow) to somewhat iess than the first 
power as the radiation contribution is 
mereased. If the radiation is already 
large, however, then w is more nearly 
proportional to H” and in any case the 
relation between w and W’ is not far 
from a direct proportion. For a given 
h.,, the thermal conductivity of the 
film will be approximately constant and 
hence, the coefficient, 
will vary nearly inversely as the thick- 
ness of the film. Since the tempera- 
ture difference and the enthalpy differ- 
ence of the vapor and liquid will also 
remain nearly constant, the total 
weight of material evaporated will bé& 
proportional to the heat-transfer 
efficient. Thus 


crease of w always 


creases, as 


convection 


co- 


1 1 1 
Wwe 


ha -a 


a 


Combining this with Equation 


+ 
(5) 
J 
(2) 
> 
= 
i. 
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and noting that when A, is equal to 
zero there is no heat transferred by 
radiation and hence, 4 is equal to h,,. 


Equation (9) gives us the approximate 
relationship between A, and h,. This 
equation is difficult to use because A 
occurs implicitly im it. 

As long as A, is smaller than 4,,, 


(9) 


(10) 


to within five per cent of the A from 
Equation (9). If A, is very large, one 
may use the following equation which 
gives the same relationship as Equation 
(9) between A, and to within 
three-tenths of one per cent, as long as 
h,/h,, ts between zero and ten. This is 
certainly within any practical operating 
range 

+h 3 & 

4 4h. 


co 
(11) 
The term &, may be calculated by the 
following equation for parallel plates 
Ty‘ — T;* 


a 


The graph in McAdams (13) (Fig. 
27, p. 63) may be used to get A, for 
black surfaces. This value may be mul- 


tiplied then by the emissivity factor 


In all the above it is 
assumed that the transmissivity of the 
liquid for thermal radiation is small (as 
it is for most liquids } 


to get the true A, 


Apparatus 

The apparatus (see Fig. 2) consists es- 
sentially of a carbon tube heating clement, 
from which the boiling occurs, contained 
between in a 4-in. pyrex pipe tee 
This apparatus has been described in de- 
tail (3) 

The carbon tubes used were nominally 44, 
M%& and in. One run was mace with a 
4e-in. stainless steel tube. The hole in the 
tube was used to accommodate a thermo- 
couple. From the reading of this thermo 
couple it was possible to calculate the tube 
suriace temperature. The difference be- 
tween the tube-surface temperature and the 
observed inside temperature of the tube was 
at most ten per cent of the temperature 
difference between the tube-surface and the 
boiling-liquid temperature. The thermo- 
couple was also used to check the tempera 
ture uniformity along the tube. The heat- 
ing was obtamed as the product of the 
current through the tube by the voltage 
drop along a given section usually 5 in. im 
the center of the tube 


holders 


Experimental Procedure 


Various parts of the apparatus (Fig. 2), 
were cleaned thoroughly. The tube to be 
used was polished. Copper inserts and the 
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Fig. 2. Experimental Film-Boiling Apparatus. 


stainless steel holders were cleaned with 
emery cloth to give good electrical contacts 
The tube was put in place between the 
stainless steel holders and the packing 
glands at the sides of the apparatus were 
tightened to give a liquid seal. After assem 
bly, the apparatus was filled with liquid to 
the desired level. Unless otherwise stated 
the level was between 1 and 144 in. above 
the center of the tube. The external heater 
was turned on and current was passed 
through the tube until the liquid was boiling 
at the prevailing atmospheric pressure 

The heat input to the tube was increased 
to a high value for a tew minutes to msure 
stable film boiling over the entire surface 
Film boiling is evidenced by a smooth film 
on the sides of the tube. The current was 
then set at the desire value. Of the liquids 
which were run only water was difficult to 
get into the film-boiling range without 
burning out the tube. All data were taken 
with stable film boiling of the various li 
quids except for a few data taken with 
nucleate boiling of water for the purpose 
of evaluating roughly the thermal conduc 
tivity of the carbon (3). 

The current was held constant and the 
potentiometer, which was connected to the 
thermocouple in the tube through the rotary 
thermocouple switch, was observed until 
steady conditions were established. This 
usually required only a few minutes. The 
reading of the potentiometer and on the 
voltmeter which was connected to the volt- 
age probe (which was usually 2') in. to 
the left of the center) were recorded. The 
thermocouple was removed and the voltage 
probe was moved to the same distance on 
the other side of the center and the voltage 
was then again recorded. The other voltage 
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terminal was fastened to one terminal of 
the apparatus. The voltage probe was then 
moved back to its former position and the 
thermocouple replaced to its center point 
position. This reading was usually com 
pared with the first reading of the thermo 
couple and if no check was obtained the 
readings were repeated. At some point dur 
ing the run readings were taken of all the 
other thermocouples. These readings were 
hardly necessary as the observed liquid tem 
peratures vary at most a degree or two 
from the reported boiling pomts for one 
atmosphere and this is a relatively unim 
portant item in the theory. The external 
heater temperature has essentially no effect 
on the observed coefficients (3) 

The thermocouple used in the tube tem 
perature measurements was calibrated (3) 
at the boiling point of water, the melting 
point of tin and at the melting point of 
copper 


Data. Table 1 * represents typical ex 
perimental and calculated data (20). 
Tables of data were taken on the fol- 
lowing liquids: water, nitrogen, carbon 
tetrachloride, absolute ethyl alcohol, 
benzene, diphenyl oxide and n-pentane. 
Calculated data are also presented on 
mercury. Data of Pilling and Lynch 
(19) on the quenching of a hot nickel 
rod in boiling water and in soap solution 
are given. 

To check the effect of tube diameter 
on heat-transfer coefficients, data were 


* (See footnote, p. 221.) 


h = he (= + = mater 
| 
h= + h, | 
\ 
+i COPPER INSERT \ \ 
: 
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Fig. 3. Evaluation of “Constant” in Convection Eq. 2. 


taken om pentane with carbon tubes of 
0.352, 0.238 and 0.469 


steel tube of 


chameters m., 


ind with a stainless dia 
meter of O.1R8 in 

Physical used 
the from 
the literature which was searched up to 
1948 and 


torm (3) 


constants which were 


calculations were obtained 


are summarized in graphical 


Vi is the calculated value of the difference 
m temperature between the tube surface and 
the botling liquid 

The A the all calculated coefficient 
1 heat transfer based on the observed data 

h.. ws the calculated value, from Equation 
(9%), of the coefherent of heat transfer to be 
expected if there radiative heat 
transter 


overt 


were 
net is the value which appears in Equa 

ton (2). This value was calculated from 
the oth Vi, the tube diameter and 
the physteal constants (3) of the liquid and 
its \apor 

The quantity, Ate,/A'/’r, is important in 
that the extended theory, Equation (4), in 
theates that the const should be some func 
thon of this dimensionless group 

The external heater temperature and the 
bserved liquid and vapor temperatures are 
ot meluded It has been shown that 
are not affected by changes in 
temperature. Liquid and vapor tem 
peratures were m all cases close to the pub 
lished values the 
atmosphere 


value 


(7?) 
the results 


cater 


tor normal boiling point 


at conve 
All data in the tables were taken with 


the entire tube 


m stable film boiling 
I iquids were all reagent or better 
At the highest tube temperatures there 


wa the 


ippreciable decomposition of 


various hquids. Although no attempt 
was to for this in the 
physical properties used to evaluate the 
the residual alcohol in one run 
was analyzed by fractional distillation 
and found to be better than 99.5%, abso- 
lute alcohol 


made correct 


constant 


Results 


Figure 3 is a plot of the experimental 
values of the constant in Equation (2), 
given in Tables 1-21 the 
parameter Atc,/a’Pr. It can be seen that 
there is perhaps a slight trend of the 
constant with Afc,/a’Pr but it is cer 
tainly not conclusive and in fact it is to 
be noted that the data for each liquid 
which were taken at the smallest tem- 
perature differences, 


as 


against 


and hence are the 
most he almost on a straight 
line at the adopted value of the constant 
of 0622004. This tends to 


that at least for the range of liquids 


accurate 
indicate 


chosen there is no trend of the constant 
with the physical characteristics of the 
other with density which 
occurs in Equation (2). These liquids 
do not, however, cover a wide range of 
viscosity and it is still possible that a 
viscous liquid might give a value of the 
constant as low as 0.52 


(13) 


liquid than 


) then becomes 


h.., 0.62 ( 


Equation (2 


DatPr 


TABLE 1 


Run Number 044 
Pxperimental and Caleulated Data on Film Boiling of Water 


035208. OD 


The inside diameter of the carbon tube is 
* Voltage wae measured ecross the center 


Carben Tube 


Btu 
(aq ft.) 


> 


Const 


OSS 
O55 
0.59 
0.62 
0.52 


eeur 


0.125 is 


of the carbon tube 
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The effect of the tube diameter on 
the coefficients of heat transfer is shown 
clearly in Figure 4. This indicates that 
a decrease in tube diameter, other things 
being equal, results in an increase in the 
coefheient of heat transfer 

Equations (2) or (13) would predict 
that the coefficient of heat transfer, h,,. 
should vary inversely as the one-fourth 
power of the diameter. Figure 5 shows 
that within the limit of experimental 
error this is certainly the case. 

Data for the steel tube fit 
on the same curve as the carbon tube 
and also the data of Pilling and Lynch 
(19) on a nickel rod ( Equation (13) ) 
From this it is apparent that the physical 
or chemical character of the tube or tube 
surface has little or no effect as long as 
it is fairly round and smooth, This is 
what the theory predicts 

It might be expected that the shape 
of the containing vessel or the depth ot 
emersion of the tube would be at least 
somewhat important The latter effect 
was checked by an experiment in which 


stainless 


the liquid level which was normally at 
least one inch above the tube was low 
ered until the tube was about one-sixth 
exposed. In this case there was no bub 
ble but the 
merely escaped directly into the vapor 
phase. This caused but little disturbance 
of the liquid. The coefficient this 
run is the same as that when the tube 
is covered. This tends to indicate that 
convection currents set up in the liquid 
by the rising bubbles not 
tially the heat-transfer coefh 
cient. It is realized that the evidence is 
yet too meager he 
this point and indeed, if 
were located above ot 


formation Tising vapor 


tor 


do substan 


Increase 
as to lusive 


com on 


several tubes 
each other 
there might be an appreciable effect on 


the heat transfer 


near 


Figure 6 is a plot of the coefficients of 
heat transfer in film 
heated 0.350-in. O.D. horizontal carbon 
tube to liquid nitrogen. The lowest 
curve ts the calculated coefficient of heat 
transfer 


boiling from a 


by radiation alone using a 
value of O.8 for the emissivity of car 
bon. The intermediate curve is the cal 
culated coefficient of heat transfer, h,, 
( Equation (13)). This is the coefficient 
of heat transfer which would be ex 
pected if there were no radiation. The 
upper curve is the calculated coefficient 
of heat transfer using Equation (9) 
this meludes both the of 


convection. It 


contribution 
radiation and may be 
seen that the experimentally measured 
values of A, represented by the open 
circles, agree fairly wel! with the calcu 
lated coefficients 


The solid pomts are 
the experimental values of A, 


calculated 4 
trom the measured values of h, using 
Equation (9). Equation (11) might 
just as well have been used since it is 
numerically equivalent to Equation (9) 


May, 1950 
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. 4. Effect of Tube Diameter on Heat-Transfer 
Coefficient for Film Boiling of n-Pentane. 


1000 
ar 


Fig. 6. Film Boiling of Nitrogen from 
0.350 in. Carbon Tube. 


Since a plot of A, against Af is of 
value perhaps than 
against Aft, Figures 7-13 
the former. The curves 
lated values and the 
perimental values. It is 
measured are in all cases of 
higher than the calculated 
curves because of the uncertainty in the 
physical properties of the liquid, its 
vapor and the tube 

No concerted effort was made to de- 
termine the minimum critical heat flux 
or the critical temperature difference in 
the film Data (19) 
clearly that it is possible to go to much 


one of A 
include 
are the calcu- 
points are the ex- 
felt that the 


more 
only 


pomts 
accuracy 


boiling indicate 


lower values of the temperature of the 
tube in film boiling when soap is dis- 
This indicates that 
tension of the li- 
minimum critical heat 
flux and the temperature corresponding 
to this heat flux 

Recent data (/2a) on film boiling of 
water from platinum 
0.004 to 0.024 in 
the theory is 


solved in the water 


a decrease in surface 


quid lowers the 


from 
diameter indicate that 
accurate within this 
range of wire size; the error ranged 
trom 3S. to 100% as size of 
wire is decreased from 0.024 to 0.004 in. 


wires otf 
not 
about 


Conclusions 


Stable film boiling may be character 
ized as follows 
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Fig. 5. Verification of Predicted Inverse One-Fourth 
Power 


ec of Heat-Transfer Coefficient on Tube 


Diameter for Film Boiling of n-Pentane. 


1. The liquid-vapor interface is substan 
ially smooth (3) except at high heat fluxes 
It is, of course, always uneven at its top 
surface due to bubble formation 

2. Heat-transfer coefficients are inde- 
pendent of the tube material except for the 
radiation contribution (3) 

3. The effect of any variable such as 
pressure may be calculated from its effect 
on the physical properties of the liquid and 
its vapor 

4. A decrease in vapor-liquid interfacial 

surface tension produces no change in the 
calculated coefficients but such a decrease 
in intertacial tension does reduce the mini 
mum critical heat flux and the temperature 
corresponding to it (19, 6) 
5. If the liquid is below the boiling point 
it is possible still to have a complete vapor 
blanket around the hot object but the coefh 
cients of heat transfer are higher than those 
to a liquid at the boiling point (79). This 
phenomenon occurs in the quenching of 
steel, etc 

6. This type of boiling is usually encoun 

tered in mercury boilers (14, & 9, 7). Heat 
transfer coefficients to boiling mercury are 
usually smaller than to nonboiling mercury 
(24, 25, 3). Addition of potassium to the 
mercury which should tend to wet the solid 
surface does not help prevent vapor binding 
or film boiling (10) 
7. Vigorous agitation of the boiling liquid 
and its vapor (such as rapid two-phase flow 
through tubes) increases the heat-transfer 
coefficients over those for natural convec- 
tion film boiling (24) 

& By the use of Equations (13) or (2) 
(12) and (11), which are derived from a 


= 
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ar 
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Fig. 7. Film Boiling of Water from 
0.351 in. Carbon Tube 


few simple premises and well verified by 
extensive experimental data, it is possible 
to calculate coefficients of heat transfér ex 
pected in natural convection stable film 
boiling from a horizontal tube. If the 
amount of heat transferred by radiation is 
not more than half the total heat trans 
ferred, i.c., the temperature of the tube is 
not too high, the simplified Equation (10) 
may be used in place of Equation (11). The 
amount of heat transferred per unit time 
may then be calculated by Equation (1) 
For simplified calculations for the liquids 
studied the experimental points or calcu 
lated curves in Figures 6-13 may be used 
together with Equation (13) to estimate 
heat-transfer coefficients in film boiling for 


Fig. 9. Film Boiling of Benzene from 
0.352 in. Carbon Tube 
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Fig. 10. Film Boiling of Carbon Tetra- 
c from 0.352 in. Carbon Tube. 


the given liquad from tubes of other dia 
meters. The theory is restricted to tubes 
of such a diameter that the thickness of 
the film is small compared with the dia 
meter of the tube, although it appears to 
hold tairly well down to tubes of 0.040-in 
chameter 

The method employed for the derivation 
which may be found in the section 
Theory” may be applied to derive equa 
tions for heat-transfer coefficients to be 
expected in film boiling from any other 
shape 

Equation (5) results from the application 
oft the method to the case of the film boiling 
from a vertical tube or vertical plane sur 
lace 


Notation 


heat-transfer area, sq.it 

thickness of film, ft 

specific heat of vapor at con 
stant pressure, 

O.D. of tube, f 

function 

acceleration of gravity 4.17 

10° at sea level, ft./(hr.) 

(hr.) 


subscript denoting heated tube 


film coefficient of heat transfer, 
B.t.u./Che.) (sq.ft.)¢° F.) 
convection coefhoent of heat 
transter (see Equation (6)), 
B.t.a./ Chr.) (sq.ft. FL) 
film coeficrent of heat transfer 
if there were no radiation 
B.tu./Chr.) (sq.ft FL) 


af 


| 
% 


Fig. 12. Film Boiling of Dipheny! Ether 


from 0.352 in. Carbon Tube 
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Film Boiling of n-Pentane from 
0.352 in. Carbon Tube. 


Fig. 11. 


coeficient of heat 
transfer (see Equation( 12) ) 
B.t.u./ Chr.) (sq.ft.) (° F.) 

thermal conductivity of vapor 
B.t.u./(hr.) ( it.) 

length of tube, ft 

subscript denoting liquid 

millivolts, 

chromel-alumnel thermocou- 


radiation 


subscript denoting 
ples 

heat flow, B.t.u. /hr 

Prandt! number, of vapor 


temperature, ° R 

temperature, ° F 

temperature difference between 
hot surface and liquid at its 
boiling point, ° F 

temperature of inside of tube, 

weight evaporated on 

tube, Ib. mass /hr. 


entire 


weight evaporated up to any 
angle @ measured from the 
bottom of tube, Ib. mass /hr 

absorptivity of the liquid (usu- 
ally near unity) 

emissivity of hot tube 

latent heat of vaporization at 
boiling poimt, B.t.u./lb. mass 

difference in heat content be 
tween vapor at its arithmetic 


average temperature and hi 


a 

Pa 
1600 

af 


Fig. 13. Be Boiling of Mercury from 
352 in. Carbon Tube. 
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quid at its boiling point, 
B.t.u./lb. mass 
viscosity of vapor, Ib. 
(hr.) (fit.) 
= density of vapor, lb. mass/(cu. 
ft. 
= density of liquid, lb. mass/cu. 
ft. 
Stefan-Boltzmann constant, 
0.1713 B.t.u./(hr.) (sq 
ft.)(° R.)* 


mass / 
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Discussion 


W. F. Seyer (University of Cali- 
fornia, Los Angeles, Calif.): What is 
the effect of pressure on this film boil- 
ing ? 

LeR. A. Bromley: The effect of 
pressure can be calculated by merely a 
consideration of the effect of the various 
groups within the fourth-root term in 
Equation (2). For instance, if you 
know the effect of pressure on the con- 
ductivity, you can substitute merely an 
appropriate value of the conductivity in 
the equation, similarly for any other 
term (e¢.g., heat capacity, density, etc.). 

V. D. Sanders ( University of Calif., 
Los Angeles, Calif.): Stable film boil- 
ing for water has been specified as the 
region of boiling between a temperature 
potential of 400° F., and that potential 
at which radiation becomes appreciable 
(1). The author has developed a means 
of predicting the contribution of con- 
vection in the vapor film surrounding 
the heated surface in this mode of heat 
transmission. The effect of radiation is 
also presented by the author, but a 
sound evaluation of this portion of the 
work will require a more careful ex- 
amination than is given. 

An analysis of an idealized system is 
at best only an approximation, and the 
validity of the latter is governed by the 
applicability of the qualifying postu 
lates. With this in mind, the following 
comments are offered 


1. In the description of stable film boil- 
ing, it is stated that a smooth film of vapor 
covers the bottom two-thirds of the tube 
Bubbles are formed and leave the film over 
the remaining one-third portion of the tube 
If considerable agitation accompanies the 
mechanism of the bubble formation, as is 
the case for other types of boiling, the unit 
thermal conductance may be greater over 
this region than that over which the viscous 
vapor film flows. This would cause a calcu- 
lated value to be lower than a measured 
value, if the former were based on a film 
covering the entire heated surface. In this 


case, a more correct value of unit thermal 
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conductance is an integrated average with 
respect to area 

2. The author defines the local unit con- 
ductance as the ratio of the vapor thermal 
conductivity (at the arithmetic average of 
the temperature in the film) to a local film 
thickness. This implies zero heat capacity 
and a flat velocity distribution in the film, 
as would be the case for a slug of vapor 
sliding between walls of different temper- 
ature. It has been shown that use of a 
similar technique yields a fair approxima 
tion for heat transfer in certain cases for 
flow in ducts (2). But, if vapor is being 
generated along the portion of the surface 
and the heat required to superheat the vapor 
in the film is appreciable (for water vapor 
at atmospheric pressure and 1600° F., this 
quantity ts 40% of the total enthalpy), this 
approximation may not be valid 

3. The analysis does not consider convec 
tion in the liquid about the vapor-liquid im 
terface. For water at a pressure of one 
atmosphere boiling moderately over a flat 
plate, it was shown by Jakob and Fritz (3), 
that the order of superheat of the bulk 
liquid is of the order of 44° F. Undoubtedly, 
greater superheats exist im the vicinity of 
the mterface. Also, the presence of the 
vapor film offers a smooth surface to the 
bulk liquid without the agitation accom- 
panying nucleate boiling. Thus, in the ab- 
sence of impurities and dissolved gases, the 
temperature of the vapor-liqnid interface 
would be greater than that of the bulk 
liquid, so that perhaps natural convection 
heat transfer from the vapor film would 
approach appreciable magnitudes. It should 
be noted, however, that at a given pressure, 
the heat convected would be independent of 
the tube surface temperature 


LeR. A. Bromley: Mr. Sanders 
states the theory was restricted to the 
region between 400° F. and where 
radiation becomes appreciable. It is re- 
stricted to the region of stable film 
boiling. I did not state that the lower 
limit was 400°; that remains to be de- 
termined for the specific material and 
substance. Radiation does not limit the 
upper range of the theory for at the 
highest measured temperatures the 
radiation contribution was sometimes as 
much as 50% of the total heat transfer 

V.* D. Sanders: | was quoting the 
reference by Farber and Scorah. 

LeR. A. Bromley: It is true that in 
the derivation for the simplified theory, 
the heat capacity of the film is neglected 
However, in the extended derivation, it 
is shown that the effect of heat capacity 
together with other assumptions should 
show up in Figure 3 where the dimen- 
sionless group involving the coefficient 
of heat transfer and other physical 
properties to the one-fourth power is 
plotted against 4fC,/a’Pr. Other effects 
would show up on that same pl... Since 
the points did not deviai: widely from 
a horizontal line on the graph, this 
shows that the effect of C, is small or 
at least cancelled to a certain extent by 
other poor assumptions. 

I take issue with your statement that 
a flat velocity distribution was assumed. 
A parabolic velocity distribution, which 
is the kind you would expect, was as- 
sumed. The effects that you noted on 


CHEMICAL ENGINEERING PROGRESS 


superheating of the film, at the boun- 
dary between the vapor and the liquid 
which, as Jakob points out, is only a 
degree or so, should have no important 
effect on the heat transfer from the 
tube as this theory is applicable only for 
high temperature differentials between 
the tube and the liquid 

Anonymous: Would the movement 
of the liquid over the heated surface 
influence your coefficients seriously ? 

LeR. A. Bromley: Yes, undoubtedly 
it has an effect on the heat transfer. 
Two extreme cases were considered in 
the derivation, one where the liquid was 
a jelly, i.e. did not move at all, and 
the other where the liquid was so fluid 
that it exerted no drag on the rising 
vapor. Certainly these are two extreme 
It was difficult to see how the 
liquid could move more rapidly when im 
natural convection than the vapor itself 
would move if no drag were exerted on 
it at the boundary 
produce a maximum variation of the 
constant in Equation (2), between 0.512 
and 0.724. Undoubtedly the liquid flow 
influences the coefficient, but for the 
single tube in this particular geometry, 


Cases. 


These assumptions 


the effects were such that the coefficient 
was 0.62. | don't feel the coefficient 
would be influenced markedly if the 
geometry were changed. As a matter of 
fact, one set of data by Pilling and 
Lynch on quenching of a nickel rod 
was from a system wliose geometry was 
different from mine, yet 
the coefficients were similar. If the li 
quid were forced over the tube at a high 
velocity it should be possible to increase 
the constant well above 0.724. 

Anonymous: Maybe | didn't get the 
unit of heat-transter rate correct. It 
seems low to me though for boiling 
Could you give us the units again, and 
if they are low, tell us why? 

LeR. A. Bromley: Those coeffi- 
cients were low, and they are for the 
range of what I term stable film boiling 
It is not the type of boiling that one 
normally encounters in a commercial 
boiler. Their temperature differences 
are low, and the coefficients high, sur- 
face coefficients as high as 10,000 B.t.u./ 
(hr.) (sq.ft.)(° F.). The measured co- 
efficients are all given and are in the 
order of magnitude of from 15 to 80 
B.t.u./ Chr.) (sq.ft.) (° F.) 


considerably 
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At first glance it would appear that rocket performance is somewhat extraneous to the chemical engi- 
neering field . . . admittedly it is an unusual subject for coverage by Chemical Engineering Progress but 
it is in a new field where chemical engineering techniques and theory are important tools . . . this is 
part of the pioneering symposia from the Los Angeles Regional Meeting last year. . . . 


PROBLEMS OF COMBUSTION 


Liquid-Propellant Rocket Motors 


R. B. CANRIGHT 


California Institute of Technology, Pasadena, California 


This survey paper first describes a liquid-propellant rocket motor, its 
function, and ways by which its function is accomplished. Rocket per- 
formance and design parameters are defined. Chemical reactions in the 
rocket are discussed, on the basis of present semiempirical knowledge. 
In this category are mentioned the influence of the injector, the chamber, 
and the nozzle upon combustion. Finally, use of noncarbonaceous fuels 
is emphasized, and, as an example, experimental data from the systems 
NH,-O, and C,H,NH,-RFNA are compared. 


liquid-propellant rocket motor 
is a power plant which is being de- 
veloped tor use in appheations where a 


controllable high thrust is desirable for 


a short period of time (4% to 5 min.) 


The thrust-volume and thrust-weight 
Nore: This 
the 


Army Ordnance 


work was performed under 
of the Aur Force and the 
Department 


auspices 


CHAMBER 


the rocket motor itself are 


than for any other power 


ratios of 
much higher 
plant, but the extremely high propellant 
the (approxt- 
18 tb./(hr.) (ib. thrust) 
limits its use to short-duration applica- 
rhis high propellant consumption 
is due mainly to the fact that a rocket 
carries its own oxidizer, and thus does 


consumption of motor 


mately 15 to 


trons 


JACKET 


Fig. 1. Components of Test Rocket Motor. 
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not make use of air to oxidize its fuel. 
On the other hand, this apparent limi- 
tation makes possible the use of rockets 
in empty space, where no other power 
plant now known can operate. Another 
advantage of the rocket motor is the 
fact that it can be, when designed for 
certain purposes, the only power plant 
presently in use which has no moving 
mechanical parts 

The liquid-propellant 
consists of only 


rocket 
major 


motor 
three compo- 
nents : the injector, chamber, and nozzle 


The 
serves to introduce the liquids into the 


as shown in Figure 1 injector 
chamber in such a manner that complete 
attained in the 


shortest time and with the least possible 


chemical reaction is 


volume. The chamber provides the vol- 
the 
combustion occurs. The nozzle, which is 
the DeLaval 
expanding type, serves to collimate the 
combustion gases (see Fig. 2) and con 
their thermal energy to 
kinetic energy, which is utilized to pro- 
vide thrust. 

The thermal energy with 
the combustion gases is high, since there 


ume which constant-pressure 


always of contracting 


vert part otf 


associated 


is no excessive dilution of the combus 
tion products with inert nitrogen, as is 
the case for air-fuel combustion. Theo 
flame for liquid-) 
propellant rockets generally range from ‘ 
4000°-9000° F., although most propel- * 
lants have maximum flame temperatures 
in the range from 5000 to 6500° F. Be- 
cause of the relatively small volumes of 
rocket motors, extremely high energy 


retical temperatures 
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loadings (of the order of 100 B.t.u./ 
(sec.)(cu.in.) or, in engineering units, 
6x 10° are at- 
tained; thermal loadings are likewise 
extremely high, since values up to 
5 x 10° B.t.u./(hr.)(sq.ft.) have been 
measured as heat fluxes across the motor 
wall. 


Important Parameters 


Performance Parameters. Parameters 
of interest in determining the perform- 
ance of rocket motors are given in the 
following list: 


F 
m 
F F 


The effective exhaust velocity ¢ approx- 
imates the actual velocity of efflux from 
the nozzle; the higher the exhaust ve- 
locity, the larger the thrust F developed 
from a given influx of propellant m 
Similar to ¢ is the specific impulse /,,, 
which algebraically is merely the quo- 
tient of ¢ divided by the acceleration of 
gravity g,, and hence is also the quotient 
of the thrust F divided by the weight 
rate of flow of propellant w. Thus /,, 
is numerically equal to the thrust ob- 
tained from a propellant flow rate of 
1 th./sec. The nozzle thrust coefficient 
Cy, has little to do with combustion, 
since it is dependent only upon the pres- 
sure ratio p./p, (between chamber and 
nozzle exhaust) and the effective value 
of the ratio of specific heats y for the 
Hence it is usually 
considered as a sort of nozzle efficiency 
The so-called characteristic ve- 
locity c* is algebraically equal to the 


combustion gases. 
tactor. 


quotient of ¢ divided by Cy, and thus 
should be dependent only upon combus- 
tion conditions in the rocket chamber. 
It is seen that its value is theoretically 
proportional to the square root of the 
ratio of the flame temperature 7, to the 
average molecular weight M of the com- 
bustion gases. Hence, if the flame teth- 
perature is limited either by design con- 
ditions or by thermochemical consider- 
ations, it will be noted that use of a 
hydrogen-rich fuel which will produce 
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combustion gases of low average molec- 
ular weight is desirable (2). 


Other Parameters. Other pertinent 
parameters are the mixture ratio r (de- 
fined as the ratio of the weight flow of 
oxidizer to the weight flow of fuel), 
the chamber pressure f,, and the flame 
temperature 7.. Of course, 7, is de- 
pendent upon the mixture ratio (gener- 
ally the highest flame temperature is 
attained when r is near the stoichio- 
metric value) ; to some extent 7, is also 
dependent upon the chamber pressure, 
since an increase of pressure tends to 
decrease the amount of energy-remov- 
ing dissociations. Another important 
parameter, from the design standpoint, 
is the unitary heat flux q (in B.t.u./(sq. 
in.) (sec.)) across the motor walls. If 
the product of the heat flux and the 


inner surface area of the motor is 
greater than the allowable heat capacity 
of the propellant components, no possi 
bility for regenerative cooling exists. 
The discussion of the often contradic- 
tory design requirements of sufficient 
cooling and sufficient strength is not 
within the scope of this paper. 


INTERSECTING STREAM 


= 


CONCENTRIC HOLLOW CONE 


Fig. 2. Collimation of Molecular 
Momenta Along Nozzle Axis. 


Chemical Reactions in Rockets 


Initial Reactions, The initial reactions 
in the rocket can occur either in the 
liquid phase or in the gas phase. In the 
former case, ignition often occurs spon- 
taneously. (The classified 
propellants of this type as hypergolic, a 
code word which is coming into rela- 
Such a reaction is 


Germans 


tively general use.) 
that between nitric acid and aniline. For 
reactions of this type the chief function 
of the injector consists of mixing the 
propellant components as uniformly and 
intimately as possible, in order to obtain 
the maximum heat from the 
liquid-phase reactions 
When the initial 
the gas phase, spontaneous reactions are 
then 


release 
reactions occur m 


almost encountered ; some 


auxiliary source of energy, such as a 


never 


spark or a pyrotechnic device, must be 
used to initiate combustion. For exam- 
ple, the German /’-2, which employs al- 
cohol and liquid oxygen as the propel- 


lant, uses as an igniter a pyrotechnic 


MULTIPLE CONE 


TARGET 


Fig. 3. Four General Types of Injector for Use with Liquid-propellant 
Rocket 
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device similar to the old Fourth of July 
pin wheel. Atomization of the propel 
lant components, with its consequent 
promotion of vaporization, seems to be 
necessary in the majority of gaseous 
phase ignitions in order to decrease the 
amount of precombustion volume. How- 
ever, mixing of the propellant compo- 
nents is still necessary, and the evidence 
as to whether mixing or atomization is 
the most important among the 
functions of the injector is as yet in 


several 


The following 
tabulation presents a schematic plan of 


conclusive im this case 


the possible steps in the two types of 
the proper in 
jector design will facilitate the comple- 
tion of the first two or three steps out 
lined 


combustion processes 


Spontaneous Bipropellant 


Liquid phase mizing 


Liquid phase reaction 
releasing hea: 


Vaporization and mixing 
in gas phase 


Additional reaction 
‘ 


Final approach to equilibrium 


Some injector types which have been 
used at the Jet Propulsion Laboratory 
of the California Institute of Technol- 
The inter 
secting-stream type was designed to give 


ogy are shown in Figure 3 


good mixing of the propellant compo- 
nents in the liquid phase; the concen- 
tric hollow-cone type is a modification 
designed to increase the circumferential 
and 
the target type imparts turbulence (and 


uniformity of the mixing process; 


hence better mixing) to the products of 
the first The 
multiple-cone type yields relatively well 


liquid-phase reactions 


atomized conical sprays from each of 


"ACTOR 


the protruding buttons; mixing of the 
propellant components is in this case a 
secondary aim. These examples illus- 
trate the contradiction usually encoun- 
tered in the design of injectors; if mix- 
ing ts to be emphasized, atomization is 
perforce neglected, and vice versa. 

The preceding discussion concerning 
initial chemical reactions in rockets has 
at least indicated that the basic problems 
of combustion related to injector design 
are (1) determination of the type and 
speed of the initial reactions and (2) 
influence of factors (temper- 
ature, turbulence, etc.) on these reaction 
speeds. 


external 


Reactions in Chamber. Kinetic proc- 


esses of the actual combustion in the 


Nonspontaneous Bipropellant 
Atomiuzation 
Vaporization by heat transfer 
and gas phase mixing 


Breakdown of oxidizer 
and fuel by heat 


Reaction and heat release 


Final approach to equilibriam 


chamber are almost completely unknown 
at present; only indirect evidence, ob- 
tained by empirical correlation of cer 
tain types of test data, is now available 
In the chamber occur the chemical re 
actions between the gaseous fragments 
of the oxidizer and fuel molecules and 
other intermediate products. These re- 
actions tend toward establishment of 
chemical equilibrium at the prevailing 
pressure and temperature. Any device 
which promotes the establishment of 
equilibrium in a shorter time or in a 
smaller chamber volume will generally 


prove desirable 


twes 


‘NTERSECTING 


Fig. 4. Effect of Turbulence Ring on Performance and Heat Transfer. 
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The basic knowledge desired concern- 
ing combustion in the rocket chamber is 
the point-to-point variation in flame 
temperature, density, and composition of 
the combustion gases. Lately some 
American laboratories have begun to 
attack these problems ; during the recent 
war some German laboratories also con- 
ducted investigations in this field. But 
the German results were not complete, 
and the American results are only pre- 
liminary; therefore a discussion of the 
data will not be attempted here. 

Since the basic thermodynamic par- 
ameters must generally be 
unknown as yet, the closeness of ap- 
proach to theoretical conditions is esti- 
mated in most cases by the value of the 


considered 


so-called specific characteristics velocity 
c*/c*, sometimes erroneously known 
as the ( The 
theoretical characteristic velocity c*,, is 
calculated on the assumption that ther- 


mochemical equilibrium has been estab- 


combustion — efficiency 


lished at the entrance to the nozzle) 
This parameter made to 
serve as a discriminant for injector and 
chamber modifications; in fact, both the 
proper size and proper shape of the 


can thus be 


rocket chamber can be determined em 
pirically by its use 

The chamber shape generally chosen 
has been the cylindrical, since it is more 
easily fabricated than is the spherica! 
shape. But general agreement regard 
ing the proper size parameter has by no 
means been reached. The Germans be- 
that the proper 
parameter was the chamber length L,: 
after the proper length was established, 
whatever the scale of thrust, the 
appropriate changes in diameter should 


heved intuitively size 


only 


be necessary. Unfortunately the experi- 
mental facts did not correspond to this 
American data 
indicate that the optimal length 1, is 
related to the ratio of the nozzle throat 
diameter to the chamber diameter. Other 
size parameters often used include the 
relative volume I», defined as the vol- 
ume necessary for the satisfactory com- 
bustion of a unitary weight flow of 
propellant, and the characteristic length 
L*, defined as the ratio of the chamber 
The 
parameter L* can be shown to be di- 
rectly proportional to the average time 
spent by a fuel particle in the chamber 
(and hence the time available for the 
establishment of chemical equilibrium), 
if it ts assumed that there are no tur- 
bulent eddies in the chamber. The 
Germans found that the use of an em- 
pirically established 1’, yielded the most 
nearly consistent data when chamber 
pressures or thrusts were varied. All 


simple picture; recent 


volume to the nozzle throat area. 
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these parameters are now in use, al- 
though none can as yet be adequately 
justified on a theoretical basis. Actually, 
the artificial production of extra turbu- 
lence (a factor ignored in the setting 
up of the size parameter L*) will often 
aid the combustion, since it causes addi- 
tional mixing of the gaseous combustion 
products and lengthens the effective time 
spent in the chamber by fuel particles. 
Figure 4 illustrates the increases of per- 
formance obtained by the insertion of a 
square turbulence ring midway down the 
length of an aniline-nitric acid combus- 
tion chamber. Three injectors, two of 
the mixing type and one of the atomiz- 
ing type, were used in these tests. It is 
noteworthy that up to 98% of the 
theoretical value of c* was attained in 
the best case, but these typical perfor- 
mance increases were also accompanied 
by marked increases in heat fluxes. The 
seemed to be due 
to the decrease in thickness of 
the insulating boundary layer because of 
the turbulence the main 
stream. 


latter phenomenon 
mainly 


increased of 


Reactions in the Nozale. It is still a 
debatable point whether chemical reac- 
tions are going on in the nozzle of the 
motor. As earlier, in the 
thermochemical calculations it has al- 
ways been assumed that complete ther- 


mentioned 


mochemical equilibrium has been set up 
at the flow station corresponding to the 
entrance of the nozzle. In practice, the 
research generally tries 
achieve this ideal, if maximum per for- 


engineer to 


mance is desired. The phenomenon of 
combustion continuing throughout ex- 
pansion has never been systematically 
investigated, probably the 
thermodynamic precept that more useful 
work re- 
How- 


because of 
from heat 
leased at higher pressure levels. 
ever, of 
process are now under preliminary ex- 
perimental attack. The frozen flow or, 
more properly, the constant composition 


can be obtained 


two concepts the expansion 


concept assumes that no further reaction 
occurs during the expansion because of 
the extremely short times (of the order 
of 10~* sec.) which the gases spend in 
the nozzle. On the other hand, the equi- 
librium-composition 
that the gases thermochemical 
equilibrium throughout the expansion 
process, so that partial reassociation of 
the dissociated products present in the 
chamber occurs in the nozzle (with a 
energy Hence, 
this second concept yields a theoretical 
exhaust velocity higher than that pre- 
dicted by the concept of constant com- 
position. 

A theoretical treatment of one of the 


concept assumes 


follow 


consequent release ). 
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Fig. 5. Comparison of Carbonaceous and Non-Carbonaceous Fuels: 
I, Absolute Performance. 


most important energy-absorbing disso- 
ciations (7), that of molecular hydro- 
gen, indicates that this reaction is almost 
certainly in equilibrium throughout the 
expansion process. However, an exper- 
imental investigation of the pressure 


levels in the nozzle of a small hydrogen 
oxygen motor seems to indicate that the 
constant-composition concept holds, at 
least for the particular motor used 
(Since the exhaust velocities obtained 
from a given propellant system under 
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Comparison of Carbonaceous and Non-Carbonaceous Fuels: 
II, Relative Performance. 
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Fig. 7. Comparison of Carbonaceous and Non-Carbonaceous Fuels: 
III, Required Chamber Volume. 
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the same pressure conditions are ap- 
proximately constant, whatever the 
thrust of the motor, it is ewident that 
the time spent by the gases in the noz- 
tle, and hence the time available for 
the mamtenance of equilibrium, is di 
rectly proportional to the nozzle length, 
and dependent upon the thrust 
of the motor.) Other conflicting data are 
also available, but will not be discussed 
here 


thus 


An adequate theoretical treatment of 
the expansion phenomena is not only 
exceedingly complex, but at present ab 
solutely impossible, because of the lack 
of the necessary high-temperature kin 
etic data. Direct spectroscopy and 
further indirect methods will be jointly 
used in the future to clarify the actual 
processes of expansion 


Use of Noncarbonaceous Fuels 


Use of noncarbon-containing fuels as 
propellant components for rocket motors 
was first proposed in this country by 
members of the Jet Propulsion Labor 
itory 
predicted and experimental 
thi 


late im Examination of the 


advantages 
type of system should serve as a 
clarifying discussion 
influ 
ences on rocket design and perform 


example of the 


given here concerning chemical 


inet 
Though noncarbonaceous fuels do not 


m general have heats of combustion as 


high as do carbonaceous fuels, never 


theless higher characteristic velocities at 
lower flame temperature are attained 
often by use of noncarbonaceous fuels, 


because of the lower average molecular 


weights of their combustion products 
(see Performance Parameters). Since 
the phenomenon of dissociation limits 


he maximum flame 


amable, and the preponderant product 


temperatures 


ef carbon combustion at high temper 
» 3000" 
ide, with a relatively 


atures ( is carbon monox 
low heat of 
it ts evident that the low-molec 
ular-weight products of partial hydrogen 
combustion are to be desired 


Another 


re- 
action 


which could be 
postulated for noncarbon systems is that 


advantage 


their reaction kinetics should be simpler 


than im the case of 


hydrocarbon com 
bustion, thus making possible the use of 
smaller (and hence 


lighter) motors 


Similarly, the phenomenon of reassocia 
tion (partial or complete) during ex 


pansion in the nozzle should be obtained 


more easily with noncarbon systems; 
thus at least some of the thermal energy 
lost in the chamber due to dissociation 


could be made available for conversion 


to exhaust velocity 
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verifications of these 


Experimental 
predictions may be illustrated by com 
paring the systems C,H,NH,-RFNA 


and NH,-O,, which have the same 
maximum theoretical flame temperature 
(within 20° K.). Figure 5, which 
shows the variation of c* with reduced 
mixture ratio for the two systems. illus- 
trates that the noncarbon system yields 
performances approximately 20° better 
than those of the carbonaceous. (The 
reduced mixture ratio r/r, is the quo- 
tient of the mixture ratio in question 
divided by the stoichiometric mixture 
ratio. It 
comparing 
markedly 
dizer.) 


is a convenient concept for 
propellants which require 
different amounts of oxi 
Figures 6 and 7 illustrate the 
simpler reaction kinetics of the noncar 
bonaceous the former 
shows the closer approach to theoretical 
conditions ; 


combination 


the latter shows that smaller 
motors may be used with noncarhonac 
cous systems, for a desired closeness of 


approach to the theoretical performance 


Conclusion 


To summarize, the knowledge of 
course of 


the 
phenomena in 
liquid-propellant rocket motors would be 
greatly 


combustion 


extended if accurate pornt-to 


pont 


gas densities, and 


compositions 


temperatures 
could be experimentally 
Further kinetic studies at 
high temperatures should also be made 


determined 


in order to interpret more easily the 
temperature and composition data 
Meanwhile, we shall have to rely on 


the indirect methods and empirical cor 
relations already discussed to enable us 
to build injectors, chambers, and nozzles 
which are optimum from the standpoint 
of combustion efficiency 
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Notation 
A, = nozzle throat area, sq.in 
¢ = effective exhaust velocity 
It. /sec. 
Cun = theoretical exhaust velocity, 


tt. /sec. 
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c* = experimental _ characteristic 
velocity, ft. /sec. 
c* = theoretical characteristic ve- 
locity, ft./sec. 
Cp = nozzle thrust coefficient 
F = thrust developed by rocket, Ib. 
9, = standard acceleration of grav- 
tty, ft. /( sec.) ( sec.) 
f. specific impulse obtained from 
rocket propellant, Ib.(sec). 
/(tb.) 
L. = length of rocket chamber, in 
L* = characteristic length of rocket 
motor, m 
m=mass flow of propellant, 
slugs /sec 
M = average molecular weight of 
combustion products, Ib 
mole 
= pressure at nozzle exit, 
sq.in.abs 
Pp. = pressure in rocket chamber 
Ib sq im abs 
4: original heat flux across 
rocket motor walls, B.t.u 
(sq.in,) (sec. ) 
Sq = increase in heat flux across 
rocket motor walls, B.t.u 
(sq.m. ) (sec. ) 
ry = mixture ratio wt. oxidizer 
wt. fuel 
r, stoichiometric mixture ratio 
it.Ih. /mole 


R = universal gas constant, ft.lb. 


mole(° R.) 
RFNA abbreviation for red fuming 

nitric acid 

T, adiabatic flame temperature, 
°R 

I’, = relative volume of rocket 
chamber, cu. in. /(Tb./sec.) 
‘ 

7 = flow of propellant, Ib. /sec. 


y = ratio of specific heats 
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TURBULENT DIFFUSION IN FIXED BEDS OF 
PACKED SOLIDS 


ROBERT A. BERNARD? and RICHARD H. WILHELM 


Princeton University, Princeton, New Jersey 


This study concerns turbulent diffusion in beds of packed solids through 
which a fluid is flowing. The work is of interest in the technology of 


catalytic reactors and in packed-tube heaters, coolers, mixers and 


absorbers. 


Liquid phase experiments were performed with a methylene blue solu- 
tion diffusing from a point source into water flowing through'‘a bed of 
packed solids and gas phase experiments with carbon dioxide diffusing 
into an air stream in such a bed. The basic differential equation was 
solved for the special case when the tube wall provides a boundary 
condition. Aqueous experiments were performed in a 2-in. tube and 
included the following particles: 1, 3, 5, 8 mm. spheres; 3/16 x 3/16 in. 
and '4x'% in. cylinders; %& in. cubes; 10-14 mesh granules; and a 
mixture of 1 and 3 mm. spheres. Gaseous experiments were performed 
in an 8-in. tube with 34-in. spheres. Pertinent correlating parameters 
were modified Peclet Group, D,u/E, and modified Reynolds number, 


DV .p/u 


The experimental range of the modified Reynolds number 


was from 5 to 2,400. Pressure-drop data also were recorded and corre- 
lated. A lower Reynolds limit for the stability of turbulent diffusion 
because of interference by gross wall-generated eddies was observed 


and is discussed. 


N recent years, processes involving 

heat and material transfer within 
beds of packed solids have gained an 
important place in the repertoire of the 
chemical engineer. One well-known ex- 
ample is that of fixed-bed catalytic re- 
actor design. Regardless of the design 
procedure it is necessary to be able to 
predict accurately the magnitudes of the 
various heat-transfer resistances within 
the bed. Under conditions obtaining in 
industrial practice, turbulent transfer 
within the fluid interstices of the bed 
often represents the path of least résis- 
tance between particles in the bed and 
the wall of the reactor. Therefore, ac- 
tual measurements of interstitial turbu 
lent diffusion coefficients should be of 
interest to the industrial designer. The 
work upon which this paper is based 
was undertaken as a logical adjunct to a 
catalytic reactor design program under- 
way in this laboratory. 

Interstitial turbulent heat-transfer 
mechanisms are of importance also in 
steady-state and nonsteady-state heating 
processes in packed tubes. The supply 


* Present address: DuPont Company, 
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of regeneration heat in an adsorbent bed 
by means of heating jackets at the re- 
taining wails is an example. Another 
example is heating a gas or superheat- 
ing a vapor by passage through a heated, 
packed tube. The latter heat-transfer 
arrangement has been studied by Chil- 
ton and Colburn (3) and more recently 
by Leva 

In general, temperature gradients 
within a packed reactor, heater or ad- 
sorbent bed will be accompanied by con- 
centration gradients. Therefore, a com- 
plete solution to any packed-bed design 
problem should also include the effect of 
turbulent material transfer in both the 
longitudinal and transverse directions. 
To the present time, design methods 
have made no provision for the inclusion 
of the effect of mass transfer, due to the 
mathematical complications involved. 


Theory 


Turbulent motion can arise in several 
different ways. In the case of a fluid 
flowing around a bluff object such as a 
cylinder or sphere, a boundary layer is 
formed next to the surface of the object, 
the fluid velocity varying in this layer 
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from zero at the surface to the main 
stream velocity at the outer edge of the 


boundary layer. At the rear of the ob 
ject, the boundary layer encounters a 
region in which the static pressure in 
creases in the direction of motion of the 
layer, which is thus opposing an adverse 
pressure gradient. At Reynolds numbers 
greater than a certain limiting value, the 
boundary layer cannot penetrate the ad 
verse pressure region to the rearmost 
point of the object, and separation of 
the boundary layer from the rear sur 
face of the object takes place before the 
rearmost point is reached. The free 
boundary layer tends to cur! up on itself 
forming a stationary eddy behind the 
object. As the Reynolds number is in 
creased further, eddies are continuously 
shed and reformed at the rear of the 
object, and the freed eddies maintain 
their form for some distance down 
stream, finally breaking up into the ir 
regular eddying motion of true turbu 
lence. Finally, at still higher values of 
Reynolds number, the boundary layer it 
self becomes turbulent before it leaves 
the surface. In other words, at some 
point in its trip around the surface, the 
increase in the ratio of the inertial 
forces to the shearing forces within the 
boundary layer causes steady motion to 
become an unstable state, and the irregu- 
lar eddying of turbulence takes over. In 
this case the wake behind the object is 
everywhere turbulent and no trace of 
regular motion can be found in it 

With regard to turbulence within a 
straight pipe or next to a flat plate, 
separation of the boundary layer under 
the influence of an adverse pressure 
gradient does not enter the picture. 
Here, the turbulence is generated within 
the boundary layer itself, as in the case 
of the bluff object at high velocities. 
The turbulence thus generated at the 
wall of a pipe replenishes the energy of 
the turbulent core, which is being con- 
tinuously dissipated by energy inter- 
change within the core. A third mode 
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of turbulence generation is that encoun- 
tered when a jet of fluid is discharged 
into a relatively quiescent fluid body. 
The turbulence originating at the boun- 
dary of the jet spreads inward toward 
the center of the jet and outward into 
the surrounding fluid, finally converting 
the jet into a completely turbulent wake 

Dryden (4) has provided a discussion 
of the statistical nature of turbulence. 
As molecular motion may be character 
ized by mean free path and mean molec- 
ular velocity so may turbulent motion be 
described in terms of the analogous 
scale and intensity of tur- 
In making this analogy the dis- 
creet nature of molecular motion on the 
one hand, and the motion in fluid tur- 
bulence by random but continuous move- 
ments on the other, necessitate differ 
ences in detailed treatment 


parameters 
bulence 


The molec 
ular diffusion coefficient is proportional 
to the product of mean free path and 
mean molecular velocity; the eddy dif 
fusion coefficient, to the product of scale 
and intensity of turbulence 

In principle, two experimental pro- 
cedures may be used to determine tur- 
bulent diffusion coefficients. By means 
statistical hot wire 
anemometer measurements the scale and 


ot a treatment of 
mtensity of the turbulence may be deter 
mined. Then, if the constant of propor- 
tionality has been determined by direct 
diffusion measurements in a given field, 
the diffusion 
field can be 


similar 
this value 
measured values of the turbu 
parameters complete 
geometrical similarity is seldom encoun 


coethcient tor a 
estimated trom 
and the 
lence However 
tered, so that this method usually gives 
only a rough approximation to the cor 
rect value of the coefhcient 
The procedure is the direct 
measurement of the rate of diffusion and 
foreign 


diffusion 
econd 


gradients of a 
omponent into the system 
ay latter procedure was the one used 
in the present work 


introduced 


Since turbulent heat transfer and tur 
bulent material transfer take place by 
the same mechanism, the eddy mass dif- 
fustvity and the eddy thermal diffusivity 
are assumed to be and the same 
The following are the parallel 


one 
quantity 


rate equations tor the two mechanisms: 


Heat transfer 


dt 
(k + pcE) (1) 
dy 
Mass transfer 
d 
dy 


In the above 
lar thermal 
crents 

fusivity 


k and [) represent molecu 
coeth 
is the eddy dif 
and the product, pck is the 


and mass-transter 
respectively. / 


eddy thermal conductivity. Thus, eddy 
diffusion experiments may be used to 
evaluate E and the results may be ap- 
plied to problems of turbulent heat 
transier under conditions of similarity. 

Previous measurements of turbulent 
diffusion were performed in unpacked 
conduits in. which turbulence is gener- 
ated at the container wall. In 1939 
Towle and Sherwood (9) reported the 
results of an investigation of mass trans 
fer in the central portion of turbulent 
air streams im two sizes of round pipe. 
A tracer gas was released into the cen- 
ter of an air stream, and concentration 
traverses were made at several down- 
cross Carbon dioxide 
and hydrogen were used as tracer gases. 
Since the turbulence in the central part 
of a pipe is known to be approximately 
isotropic and uniform, Towle and Sher- 
wood applied an equation which had 
been previously derived by Wilson (12) 
for the diffusion of heat from a point 


stream sections 


source into a flowing stream by means 
of molecular conduction. The eddy dif- 
fusivity was found to be almost directly 
proportional to the Reynolds number, 
and the results for hydrogen and carbon 
dioxide fell on the same line, indicating 
that the diffusivity always 
great enough to mask the differences in 
the molecular conductivity 


eddy was 


A second paper, by Woertz and Sher- 
wood (13), described experiments in the 
diffusion of water vapor across a gas 
stream flowing in a vertical, rectangular 
duct. The water allowed to flow 
down one wall of the duct in a film, and 
the water vapor that diffused across was 
film of calcium chloride 
brine which flowed down the opposite 
wall. 


made 


was 


absorbed in a 


Concentration traverses were 
Air, carbon dioxide, and helium 
were used as main gas stream materials 
By the use of mathematical manipula- 
tions based on the mixing length theor- 
ies of Prandtl and Karman, the 
authors arrived at an equation relating 
the eddy diffusivity, the integral average 
velocity, the half-width of the conduit, 
and the friction factor. The equation 
fitted the experimental data well 

In a short paper, Kalinske and Pien 
(6) described eddy diffusion measure- 
ments in turbulent water streams flow 
ing in rectangular open channels. Hy 
drochloric acid in ethanol was used as 
the tracer. The method was the 
same as that of Towle and Sherwood, 
i.e., the tracer injected into the 
center of the flowing stream, and con 
centration traverses were taken at var 
Results 
of this work tend to support Taylor's 
theory of diffusion by continuous move 
ments 


von 


used 


was 


wus downstream cross sections. 


No previous eddy diffusion study has 
been reported for turbulence generated 
by a fixed packing. 
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Mathematical. In planning the present 
experimental work it was recognized 
that direct measurement of the param- 
eters of turbulence within the interstices 
of a packed bed would be difficult. Fur- 
thermore, translation of these measure- 
ments into values of the eddy diffusion 
coefficient would lead to rough approxi- 
mations at best. Therefore, it was de- 
cided to use a direct method which 
would yield an average value of the 
eddy diffusivity. The method of Towle 
and Sherwood (9%) just outlined, was 
chosen. A choice also had to be made 
between the use of heat and of a tracer 
substance in the diffusion studies. Al- 
though the release of heat from a point 
source within a bed and the determina- 
tion of downstream temperature profiles 
are simple and direct procedures, the 
problem of interparticulate heat conduc- 
tion at points of contact within the bed 
would have caused serious mathematical 
difficulties in the analysis of experimen- 
tal data. Therefore, a tracer substance 
was given preference as the diffusion 
material. 

At steady state, the partial differential 
equation in cylindrical coordinates for 
diffusion-convection is: 


E,[d®C /dr? + — (dC /dr) + d®C/ds*) 
r 


— /dz = 0 (3) 


E, is the point value of the total diffusiv- 
ity, defined through Equation (2) as the 
sum of molecular and turbulent compo 
nents, D + E. C is the concentration of 
the tracer substance, r is the radial co 
ordinate, measured from the axis of the 
tube and ¢ is the longitudinal coordinate, 
measured from the point of injection. 
The first term in the equation represents 
motion of the tracer because of diffusion 
and the second, because of convection 
by the fluid stream. No angular deriva- 
tive is included in the first term, since 
the system has radial symmetry. 

If Equation (3) is divided by E the 
following equation containing only a 
single constant, a, is obtained 


/dr? + — (dC /dr) + /ds* 
0 (4) 
where 
a= w/E, (5) 


In solutions of Equation (4) the as- 
sumption is made that a is everywhere 
constant. It is the value of this ratio 
that is evaluated experimentally rather 
than the walue of F,. Auxiliary 
urements of fluid velocity (or assump 
tions regarding its distribution) must 
be made to evaluate or estimate F, as 
an individual constant. In considering 
solutions for Equation (4) the presence 
of packing may be disregarded for the 
moment 


meas 
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Fig. 1. Equipment Arrangement + hep Edd usivity in Water Flowing 
Through Bed of Pack od Solids. 


In certain experiments of this work 
diffusion was limited to the central core 
of the tube and in others, diffusion pro- 
ceeded until the tube wall boundary be- 
came important in stopping radial dif- 
fusive motion. The solution of Equation 
(4) with no wall boundary has been 
provided by Wilson (10). For the case 
of a tube wall boundary condition a new 
solution had to be made to permit evalu- 


ation of data 


With No Wall Boundary 
The Wilson equation was derived orig- 
inally for diffusion of heat from a point 


Solution 


source into a flowing stream of infinite 
extent. Written for its mass-transfer 
analogy in which a tracer material is 
the equation is as 


released a point, 


follows : 


The equation as written has included a 
which is possible when 
z/r>5, a condition encountered in 
present experiments. It is convenient to 
measure, O, the rate of tracer material 
injection through the mixed average etf- 
fluent concentration C,. Thus: 


simplification 


O = C4l (7) 


where |’, is the integral average fluid 
velocity based upon the empty tube and 
the letter, a, is the tube radius 

Substituting Equation (7) in (6) we 
obtain : 


C/C, (a’a? /4z) eer" (8) 


a’ in the coefficient of the equation is 
indicate that it is defined in 
terms of an integral average velocity 
rather than point velocity. For this rea- 
son, but also if a is not constant and if 
Equation (4) has limitations in theory, 
we may expect that a’ and a will not 


primed to 
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values as determined 
Small differences 
obtained. 


have identical 
through experiment. 
between the two are, in fact, 


Solution With Wall Boundary. Boun- 


dary conditions for this case are: 


C=C, 

Cc=0 
IC 

r=a - =0 


The solution will be based upon Lord 


Kelvin's method * of point sources. This 
method starts with a nonsteady-state 
equation and extends it to include the 
effect of convective flow. 

The effect in the point (r, 0, 2) at 
time, ¢, of an instantaneous amount of 
tracer material, g, applied at time, ¢ = 0 
and at point (0, 0, 0) with boundary 
conditions as given here, can be written 
directly for its mass-transfer analog 
from Carslaw and Jaeger’s (2) equa- 
tion for heat transfer. The resulting 
equation 1s: 


C/ = + 
q 4 
oO 
Bar) (9) 
J 
with J,(8,@) = 0. Bo, Bi, Be - . are 


the positive roots, in ascending order, of 
J,, the Bessel function of the first order, 
first kind. 

The effect of the motion of the fluid 
along the point source is considered by 


~* The method was suggested by a re- 
viewer of this paper, Dr. A. Klinkenberg, 
Royal Dutch-Shell Group, The Hague, 


Holland, as being briefer and more direct 
for purposes of publication than that pre- 
sented originally. 
identical. 


The final solutions are 
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replacing 2 with s-wt, Further, if the 


variables, p and ¢ are defined: 
= (w®/4E, + @ = 2/4E, 


substitutions in (9) will lead to the fol- 
lowing equation : 


(Bat) 
(10) 


If a succession of concentrations of 
tracer in the amount, g, are applied at 
time intervals, the concentration C will 
be the sum of all concentration contri- 
butions arriving at (r, 0, 2) because of 
the successive actions at the origin. If 
the succession of applications is made 
continuous by forming a stream of 
tracer material, Q, at the origin then 
the effective concentration at a given 
length and radius position will be the 
continuous sum, or integral of Equation 


(10) from ¢ Otot oo. Thus fora 
flow system 
pan /2 J r 
c/o 
J 
o 
d 


(il) 
The integral is known (1) 
x 
dt 
ec - 
ts 
o 
(12) 
Performing the indicated substitution 


and including also the definition of Q 
through Equation (7) the final solution 
in the desired form for insertion of ex- 
perimental data is obtained: 


2/2 


la 
Cj/C, =e’ 
(a? + % 


(13) 
(Bat) 

A modification must be introduced 
now in order to take into account the 
presence of packing within the conduit. 
It can be shown that the fractional free 
area of a cross section within the bed, 
A, is equal to the fraction voids, « 
Since material can be transported only 
across a free area, E, must be replaced 
by Eye and by we. a = we/Eve = /E, 
which does not contain « However, in 
correlating data the average velocity, 
V,, based upon the empty cross section 
rather than the interstitial velocity is 
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| 
= 
a 


5 
Fig. 2. 


used. Ii w is assumed constant over the 
cross section, then wu and 
Wi molecular and turbu 
ent effects are to be segregated through 
E + D, the relation 

I 1 «D 

a 
s obtained. Therefore, in order to com 


value of 
knowing 


ute the from the experi 


rental a and 2), the value 
of « must be known 

It was previously noted that a’ might 
differ from a for a number of reasons 
but particularly because a is based upon 
point conditions and a’, upon integral 
conditions over the tube cross 
furthermore, that 
a multiplying coefficient in both 
Equations (8) and (13) which does not 
affect the shape of the (/C, —r curve 
Ra where B 
constant. If B 1, the 


average 


average 
sections, It is noted, 


a 


It is convenient to let a’ 
ma integral 


concentration ratio (0 /C,4) 


at 
will also be unity. Therefore (C/C,) 


A ‘ar 
R, and FB can be means 
of a graphical integration of the experi 


mental data 


evaluated by 


Bm (C/Ug (2/a*) 
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Under the conditions obtaining in this 
investigation, it can be shown that the 
diffusivity in the longitudinal di- 
rection has little effect on the shape of 
and the quan- 
tity actually measured is F, in the radial 
direction. It is that in a 
packed bed, the longitudinal and radial 
values of FE, might be somewhat differ 
ent. However, the measurement of F, 
in the longitudinal direction, separate 
from the radial E,, would be a very diffi- 
cult problem 


the concentration profile, 


conceivable 


Experimental 


experimental work it 
seemed desirable to investigate both air 
and water systems, representing widely 
different physical properties. The size 
of equipment for each system was in- 
fluenced by the analytical techniques 
that could be brought to bear. Methyl 
ene blue as the material in the 
water experiments permitted high ana- 
lytical accuracy with small samples in a 
photoelectric colorimeter and the use of 
With 
small ap 
paratus would have required the use of 
a micro or semimicro method of analy 
sis. With a larger apparatus, the tracer 
substance is restricted to the few gases 


In planning 


tracer 


a small apparatus was possible 


regard to the air system, a 
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Fig. 3. S-Inch Sin for Measuring Eddy Diffusivity in 
Air Flowing Through a Bed of Packed Solids. 


readily available in large quantities, rela- 


tively nonpoisonous, and amenable to 


simple analysis. Carbon dioxide 


finally 


was 
hydrogen 
having been rejected because of explo- 


chosen as the tracer 
sion hazard, and because its high molec- 
ular diffusivity would have reduced the 
accuracy of the experimental measure- 
ments. The method of analysis by ther 
mal conductivity meter was chosen, be- 
cause it is a clean, rapid and continuous 
procedure. In practice, the water ap- 
paratus was found to be easier and more 
economical to handle than the air 
apparatus, especially from the standpoint 
of testing a number of different packing 
sizes and shapes. Therefore. it was de- 
cided to use the former for the major 
portion of the experimental work, after 
which the results from both apparatuses 
could be compared in order to detect any 
discrepancies between the gas and liquid 
systems. 


Apparatus. Figure 1 shows the water 
apparatus. The double-section, constant 
head leg, 4, supplied a constant feed pres 
sure to the suction side of the pump. The 
two rotameters, G, covered a flow range of 
0.1-13.7 gal./min. Nitrogen tank C supplied 
gas pressure to dye storage tank J), im or 
der to force the dye into the bed against the 
back pressure within the latter. The dye 
solution contained about 4 g. of dye/l. ot 
solution, and the dye rate was controlled by 
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valve F, which has a long tapering scat, 
thereby facilitating control at the low flows 
used (as low as | cc./min. in some runs) 
Manometer H was used for indicating con- 
stancy of flow of the dye solution. High 
pressure pump / is a Worthington type TF 
regenerative turbine pump, driven by a 
3 hp., 3450 rev./min. induction motor, and 
capable of delivering 10 gal/min. at a pres 
sure of about 150 Ib./sq.in. A filter was 
incorporated in the line between the pump 
and the main test column in order to pre- 
vent rust and other debris from reaching 
the latter 

Figure 2 is a section drawing of the main 
test column. The water entered a small 
header, from which it proceeded through 
eight radial arms to distributing section CG. 
This arrangement gave as symmetrical a 
water distribution as possible. Straighten- 
ing section F was packed with 3-mm. glass 
tubing which broke up any large eddies gen- 
erated in G. At the base of calming section 
E a finely perforated packing support plate, 
covered with 70-mesh screen, was placed 
The dye inlet line entered the column 
through the bottom of G, and penetrated the 
support plate, extending along the column 
axis to the upper end of E. This injector 
tube was made of 0.128 in. O.D. stainless 
steel tubing, the last 3 in. portion of which 
was reduced to 3/32 im. O.D. It was held 
coaxial with the calming section by means 
of a three-armed spider of fine wire. As 
shown, test section D was equipped with 
two piezometer rings spaced exactly 3 in 
apart, the upper ring being approximately 
1 im. from the top of D. These rings were 
connected to the manometers on board K 
(Fig. 1), so that the pressure drop between 
the rings could be measured 

In operation, both D and E were com- 
pletely packed with the packing which was 
to be tested. A special packing hold-down 
grid, made by milling narrow grooves at 
right angles to one another in opposite sides 
of a brass disc, was placed at the top of D 
The pitot tube part of sampler C was made 
of 1/16 in. O.D. brass tubing, and the leg 
parallel to the axis of the column was 2 in 
long \s shown, the sample fluid dis 
charged through a miniature needle valv« 
into a lf-ce. test tube. The bottom of dis 
charge head 4 was fitted with a number 
of short, flow straightener tubes, which 
prevented the flow pattern in the sampling 
section trom being affected by the overflow 
from the discharge head, placed at right 
angles to the pitot traverse. The water tem- 
perature was measured by a long stem, 
Weston bimetallic thermometer which pene 
trated the top of 4. The overflow from A, 
which is not shown on Figure 2, discharged 
into a length of 2 in. pipe, which was fitted 
with a sample catcher, so that a sample of 
the average effluent from the column could 
be drawn off. With regard to the dimen 
sions of the apparatus, sections B,D), E and 
F were made of 2-in. brass pipe, and sec 
tions 4 and G were made of 4-in. brass 
pipe. DP. FE, and F were 12 in. long apiece, 
and B. G and A were 5 in, 4 in. and 3% 
im. long respectively. A shorter test section, 


6 im. long, also was available 


Shape of 
No Packing ize 


spherical 
2 spherical =m 
spherical 5 mm 
4 spherncal mm 
5 cylindrical 3/16 © 3/16 in 
6 cylindrical in. 
7 cubical % in 
eranular 10-14 mesh 


spherical 
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TABLE 1.—PACKING CHARACTERISTICS 


In the air apparatus, the main air stream 
was supplied by a Roots-type blower cap- 
able of delivering about 50 cu.ft./min. at a 
pressure of approximately 0.7 Ib./sq.in. The 
air line was made of 2-in. pipe, and the 
flow was metered by means of a set of 
interchangeable orifices, with attendant 
manometers, and air temperature ther 
mometer. The carbon dioxide tracer was 
supplied to the main column from standard 
50-Ib. cylinders of liquid CO, the reducing 
valve being wrapped with heating wire, im 
order to prevent freezing of the valve. A 
15-ft. bubbler leg was floated on the line so 
as to maintain a constant supply pressure, 
and the CO, stream was metered by a pair 
of rotameters, their combined range being 
0.02-2.0 cu.ft_/min. at 1 atm. and 70° F 

Figure 3 is a sectional drawing of the 
main column of the air apparatus. The col- 
umn rested on a standard 100-gal. drum, 4, 
which served as a ballast drum. Air inlet 
line B pierced the side of A and discharged 
downward at the axis of the drom, insuring 
a symmetrical air distribution. The main 
column was made of short, flanged sections 
of 8-in. conduit, constructed of heavy gage, 
galvanized steel, and bolted together. The 
packing was supported by a perforated 
plate at the bottom of calming section D, as 
before, and the CO, injector tube, which 
extended to the top of D, was made of |-in 
O.D. brass tubing. Both D and test section 
E were filled with packing, and sampling 
section F served as a guard to prevent stray 
air currents from affecting the flow pattern 
coming from the upper face of the packing 
Pitot sampler G was made of %4-in. O.D 
thin-walled brass tubing, and its tip moved 
across the upper face of the packing. 1) 
was 7 it. long, F was 1 ft. long, and / 
could be varied from 1 ft.-6 ft. in steps of 
1 ft. G was connected by means of rubber 
tubing to a set of two small rotameters 
(combined range 0.0005-0.05 cu.ft./min. at 
1 atm. and 70° F.) which measured the 
sampling rate, after which the sample line 
connected to the thermal conductivity meter 
assembly. 


Table 1 presents characteristics of the 
various packings used. Average dimen 
sions of the various types of particles 
were obtained either by direct measure- 
ment (by micrometer) of at least 25 
particles, or by weighing a known num 
ber of particles, determining the average 
weight per particle, and then employing 
the measured value of the particle den 
sity to calculate the average volume of 
a particle. Average particle density was 
determined in the latter cases by meas- 
uring the water displaced by a known 
weight of packing. The equivalent dia- 
meter D, for nonspherical particles is 
the diameter of a sphere of volume equi- 
valent to that of an average particle 
D,/D, is the ratio of particle to tube 


diameter. In measuring the per cent 


Packing 
Demaity 
Material «./ce 


glans 2.58 
glass 2.33 
glass 2.35 
lead 
alundum 224 
alundum 2.02 
polystyrene 1.04 
crushed rock 2.61 


alumina 


voids, the total amount of packing in 
the column was weighed, the volume oc- 
cupied by this weight of packing was 
calculated from the measured value of 
packing density, and the % voids calcu- 
lated from this volume and the volume 
of the packed section. The 3-in. 
alumina spheres were an exception, in 
that the % voids was determined by 
measuring the amount of water needed 
to fill the void space of a known packed 
volume. Figure 4 is a composite photo- 
graph of the various packings. 


Experimental Procedure. In loading the 
water column, the sampling section and dis- 
charge head were removed, and the empty 
column was filled with water. The packing 
was allowed to sift down through the water, 
and the resulting loosely packed bed was 
compacted by tapping the column lightly at 
several evenly spaced positions, after which 
more packing was added and compacted 
etc., until the column was filled. Then the 
grid and sections A and B were replaced 
At low flow rates the pressure supplied by 
the constant head leg was sufficient to force 
the water through the apparatus, but at 
higher flow rates, the pump was used. After 
the water rate was adjusted to the desired 
value, pressure was applied to the dye tank 
and the dye rate was adjusted by means ot 
the needle valve. Theoretically, the dye in 
jection velocity should be the same as the 
water velocity in the bed (according to the 
proportions of the apparatus, the ratio of 
water to dye rate should be about 1000:1) 
or a disturbance of the flow pattern will 
result, but experimentally, it was found that 
the ratio of the rates does not need critical 
adjustment, because the dye rate is such a 
small fraction of the total flow 

The apparatus was permitted to operate 
for about one-half hour before sampling 
was begun, in order to achieve steady-state 
operating conditions Sampling velocity 
should not be more than 50% greater than 
the stream velocity, or liquid will be sucked 
in from regions outside the immediate 
neighborhood of the sampler tip. The 
sampling rate was estimated by a timed 
count of the drops emerging from the 
sampler valve. It was the usual practice to 
take a dozen samples at evenly spaced 
points along the pitot traverse. Correspond 
ing samples of the average effluent were 
collected simultaneously, the effluent sam- 
pling rate being adjusted to give a 200-300 
cc. sample in the same length of time re 
quired by the collection of the 5-8 cc. profile 
sample. For each traverse position, besides 
collecting the two samples, the readings of 
the water rotameter, dye manometer, and 
water temperature thermometer were re 
corded, as was the estimated sampling rate 

Samples were analyzed by means of a 

Fisher electrophotometer, using a red filter 
in order to obtain maximum sensitivity. The 
instrument was calibrated by measuring the 
per cent transmission of known dilutions of 
dye, a solution containing 4.00 parts of dye 


% Voids in 

in De Bed F x 190 
00966 OO1TT 
0.188 0 064 
0.204 0 099 “4 
0.338 0.164 425 
0.106 46.0 
0.302 0.146 415 
0.140 0.068 
0.0625 0 0302 ae 


G 
Equiv 
0.461 0.0572 36.5 


per million of water being used as the 
standard, with an equivalent concentration 
of 10. The average relative error in the 
analysis was about 10%. When a sample 
was concentrated, it was diluted to be 
within the calibration range 

For each type of packing pressure drop 
measurements were made. This involved 
varying the water rate and measuring water 
rate, water temperature, and pressure drop 
In the course of the investigation, & was 
found that trial-and-error repacking of the 
column was required often until a sym- 
metrically packed bed was achieved, as in 
dicated by a« symmetrical concentration 
profile 

The air apparatus was loaded dry; the 
packing was dumped in from a bucket 
After the air rate was set, the carbon diox 
ide was adjusted until the ratio of the 
carbon dioxide flow to the air flow was 
0.0156 + 0.002. The apparatus was brought 
to steady-state conditions for one-half hour 
and sampling was begun. Sampling velocity 
again was adjusted until it was approxi- 
mately equal to the main stream velocity 
The vacuum required to suck the sample 
through the rotameters and the thermal 
conductivity meter was supplied by a water 
spirator 

The thermal conductivity meter used was 
Leeds amd Northrup two-cell type, with 
ff -stream cells which are flushed by ther 
mal syphon effect. The meter was im 
versed in a constant temperature bath con 
rolled to +003" ( and the current 
hrough the meter was maintained constant 
© | part m 3000. The unbalance voltage 
cross the meter bridge was measured with 
Leeds and Northrup precision portable 
wentiometer. Since water vapor affects 
he readings of the meter, both cells of the 
veter were fitted with sulfuric acid bubbler 
ype dryers having fritted gas dispersers 
The traverse sample was drawn through 
me side of the meter and a trickle of pure 
it through the other side, which served as 
standard. A cell current of 500 ma. was 
rst used, but was found to cause 
nstability in the meter readings, and was 
reduced to 300 ma. which pro 
satistactory stabilization of the 
In calibrating the instrument, mix 
ures of known concentration were made up 
y mixing streams of air and carbon dioxide 
known proportions, A log-log plot of 
difference between the unbalance e.m.f 
nd the zero point, emf. vs. volume % 
©) in bone dry air yielded a good straight 
nce. The meter was sufficiently sensitive to 
tect a difference of 0OOO=2% CO), 
wide range of concentrations 


serous 


juced a 


over a 


Treatment of Data 


Chowe of Equations 
(13) solutions and it 
is important to know under which con 
ditions the more complex or the simpler 
form may be used 


Equations (8) 


and are alternate 


Figure 5 provides a 
graphical comparison of the two equa 


tions. Calculated profiles are shown for 
various value of a, with W.6 cm 
and a 2.63 cm. The solid lines were 


computed from Equation (8) and the 
dotted (13). Note that the pro 
files calculated from the two expressions 


trom 


diverge increasingly 
decreases 


as the value of a 
so that for small values of a 
Equation (13) must be employed to re 
present the profile accurately As an 
other criterion 


one may 


stipulate that 
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Fig. 4. Photographs of Particles Used in Packed Beds. 


for profiles in which the ratio of the 
maximum concentration to the concen- 
the wall is than 6:1, 
(13) should be used. This 
ratio can be increased by decreasing z, 
but for the larger packing sizes, short 
not represent a uniformly 
packed condition correctly, so that 2 can- 
not always be reduced enough to make 
the simpler Equation (8) valid. 


tration at less 


Equation 


beds do 


lilustration of Application of Equation 
(2). In applying Equation (8) to the re 
sults of a run, it is first written in the form 
InC/Ca s+ tr’, where s and 
t —a/4c. This is a linear equation in 
/C, and and the method of least 
squares may be used in applying it to ex 
perimental data. Unfortunately, this method 
is correct only when the absolute error in 
the dependent variable is constant. How 
ever, in view of the various experimental 
uncertainties, it is more logical to assume 
this latter condition, rather than attempt to 
estimate the nature of the variation in the 
error, and to weight the squared residuals 
accordingly. With the above assumption 
application of least squares yields 
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t (zP)* — (15) 
where » is the number of units treated in 
the summation 
Figure 6 is a plot of the concentration 
profile of Run 13 (water apparatus) to 
which Equation (15) may be applied. The 
plot ts folded and the two sides of the profile 
matched in order to determine the center of 
symmetry, <', of the profile, which may be 
slightly displaced from the axis of the col- 
umn. Figure 7 is a plot of Run 13 accord- 
ing to the linear form of Equation (8) 
Note that the point nearest the wall of the 
tube is above the plotted line, as expected 
Therefore, only 11 of the 12 experimental 
values can be used in the least squares sum- 
mation. At the lowest flow rates and with 
larger packing sizes, the profiles are more 
irregular than Figure 6 would indicate, but 
the least-squares method yields a value of 
@, no matter how irregular the profile may 
be. Sample Data Sheet | illustrates the 
application of Equation (15) to Run 13 


Illustration of Application of Equation 
(13). In cases where Equation (13) must 
be used, the problem of working with an 
infinite series of terms arises. Fortunately, 


m such cases, the series converges fast 
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TABLE 2.—EDDY DIFFUSION TABLE 


(Liquid Phase Experiments unless 


3/16-in. cylinders 


"fa 


SAMPLE DATA SHEET I 


Rue 13 (Water Experiment) 1 mm. glass spheres pitot traverse center = 6.25 cm. = 30.60 cm cylinders 


Traverse 
Position Sample Mixture 
em c Ca 


C/Ca 


oom 


Ce 


0.023 


> 


Mixed 149m. and 3.mm. spheres 

Pe’ 

12.48 

11.71 

12.40 

10.61 
Temp. = 63.3° F 776 
12.70 

15.38 


| 


87) 


=—1.137 
%-in. spheres (Air Apperatur) 
(90.60) (—1.137) 139.1 em. Pe’ 
Water Rate = 0.465 Ib./sec Water Viscosity = 1.077 «p 10.08 
0 0366 0.465 
12 (w/4)(2.067/12)* 


07710 000672) = 66.3 


Re’ = a = 


Pe’ = = Dea = (0.0366) (2.54) (139.1) = 12.93 
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— Run No Re’ Pe’ 
21.18 12.58 
— | 10 9.95 13.70 
-— — = 12 53.6 13.30 
\tion Profiles Com- 15 167.6 11.88 
= puted from Equa- 1.60 6.90 
‘tions 8 and 13 for spheres 
| Re Pe 
= 116) Illus- 42 11.98 
A plicability of Each. as 13:80 
46 164.0 12.30 
a7 12.00 
as 472 11.15 
| 53 1064 10.88 
om 57 120.2 13.32 
e Run No Re’ Pe’ 
60 1576 11.70 
65 71.1 15.03 
285 11.30 
oy 990 14.60 
Va 72 1480 10.90 
73 1069 10.89 =] 
7 675 10 45 
76 257 a55 
7s 73.5 5.56 
Run Ne Re Pe’ ae 
0.0 82 565 8.71 
6.033 0.789 0.042 | a3 326 a 80 
0.283 oO. 828 0.342 188.0 
3.55 0.825 4.30 %-in. cubes 
5.47 0.833 6.57 Pe’ 
206 0831 730 Run No Re Pe 
4.49 0.842 5.33 6.63 
2.065 0.840 2.46 564 a.78 
0.567 0.438 676 go 368 63 
0.155 864 0.179 91 2305 8.67 
0 840 0.027 v2 156.0 7.78 
7.71 
470 7.50 
95 22.2 10.80 
rin cm = 
= = 6.36 Ca rinO/Ca } 10-14 mesh grenules 
Run Neo Re’ Pe’ 
96 a10 7.00 
< 3.170 16.33 97 211.8 7.53 
‘ or 124.8 7.88 
+0324 + 47 we 77.7 7.55 
+ 1459 + O84 100 44 am 
+ 1.881 + 0.24 101 323.7 7.79 
988 +> 004 102 20 30 9.4" 
+ pr th + 049 108 10.80 13.28 
+ 
1 —0 392 
1 11720 
1 — 3.615 
21.14 | —1.746 
! ‘ 1 60 
131 478 12.66 
183 28.4 21.68 


POSTION 


ae 56 


Fig. 6. Concentration Profile for Water Run No. 13. 


first two 
used. Symbolizing 
Sand 7, Equa 


wough so that no more than the 
ariable terms need be 
constant coefheents by 
(13) 


hecomes 


(16) 


(16) in form, the theory of 
applied, giving the 


owing expressions for the coefficients 


ts linear 


ast squares can be 


Cad (1/B) 


Cad Ber) 


bor 
rust be 


all cases im which the series « \ pansion 
than S by at 
For profiles 
than 3:1, 7 
Data Sheet IT illus 
i Equations (17) and 
In this 
taken 
reasonable te 
pitet traverse (the 
pipe) than 
symmetry of the 
Sis a plot 


used, ts 


order of 


ratus of « 


smaller 
least one magmtucke 


with men less 


reg Sample 
trates the appleatior 
(18) to Run 72 


the 


(water apparatus) 
effect of the 


tore 


came 
inte account, i 


since wall ts 
use the center of the 
geometric center of the 
the apparent 
profile 


rather 
center of 


in calculating Figure 


im 


jew 


ae 


se 


Fig. 7. Plot of log C/C, vs. °° for Data of Run No. 13 
Demons: i 


trating Application of Equation 8. 


of C/¢ used im the determination of 
8B. The two broken lines, which are drawn 
through the circles and triangles respect 
ively, represent the two sides of the protile 
Note that the deta are extrapolated to the 
wall, making use of the fact that the profile 
The 
solid line, which is drawn half-way between 
the two broken representative of 
the average half-profile, and the area under 


must meet the wall at right angles 


lines, is 


Ber)! 


Ber) 


aw)! 


Ber) 


this solid line, between °° O andr’ 


equals 


(C /C4) 2rdr, 


so that # is equal to (1/690) times this 
area. As shown on Sample Data Sheet Il 
the value of a obtained from 7 is somewhat 
different from that obtained from S. Since 
7 is much smaller than S, any error mher 
ent im the experiment will have a much 
greater relative effect upon the former than 
on the latter. Thus the value of « obtained 
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from 7 cannot be relied upon, and has not 
been used in calculating the final results of 
this investigation 


Defimtion of Pé As discussed prev 
iously, values of the ratio w/E for turbu 
lence alone may be computed from a with 
due regard for molecular diffusion and 
fraction void. In order to relate «/E with 
the system parameters it is appropriate to 
use a dimensionless group. Since w/F has 
the dimension 1 ', multiplication by a geo- 
metric factor will produce a dimen 
sionless group. Since the turbulence is par 
ticle-generated, particle diameter, Dp is at 
appropriate choice. The resulting group 
Dpu/E is similar to the Peclet group used 
im heat-transfer work and is named a modi 
fied Peclet group, symbolized by P¢é 


scale 


Results 
\ plot of a modified Peclet group, Pe’ 
Rey 


with 


previously defined, vs. a modified 
Re’ 
D,/D, as an independent parameter ful 
fills the 
analysis and the data are presented in 
this form. Table 2 
diffusion data 

Figure 9 is a plot of Pe’ vs. log Re’ 
for the four sizes of spherical packing 
Note that 
two regions are indicated for each size 
ot packing 


nolds number 


requirements of dimensional 
contains all eddy 


used in the water apparatus 


The region represented by 
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Fig. 8. Plot of (/C. vs. ° for Water Run No. 72 Illustrating Evaluation of 
Constant, B in Equation 13. 


the heavy, solid lines is characterized 
experimentally by regular concentration 
profiles, the analysis of which leads to 
reliable values of a. The region repre- 
sented by the lighter, broken lines is 
characterized experimentally by irregu- 
lar concentration profiles, leading to un- 
certainty in the values of a obtained 
from them. Experiments with a glass- 
observing section in place of the sam- 
pling section of the water apparatus 
have shown that large eddies, with dia- 


meters several times that of the pack- 
ing, exist within the bed in this latter 
region. The linear Pe’ scale, used to em- 
phasize the slopes of the solid lines, also 
emphasizes the deviations of the experi- 


mental points from the plotted lines, the 
maximum deviation actually being only 
about 5%. The slope of the solid line 
is slightly negative for the smallest pack- 
ing and increases through zero to small 
positive values as D,/D, is increased. 
Since the value of D,/D, is small for 


Fig. 9. Diffusivity Results. 
Plot of Pe’ vs. Log Re’ for Beds of Uniformiy Sized Spherical Particles in 
Water Apparatus. 
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the l-mm. packing, it is reasonable to 
assume that the solid line drawn for this 
size of packing is close to the limiting 
line for D,/D, = 0. It may be noted 
that the break between the two 
regions moves forward with increasing 
D,/D,, and that the advance in position 
occurs roughly in direct proportion to 
D,/D, lt may be noted that because 
Pe’ varies only slightly with Re’, the 
turbulent eddy coefficient, E, varies al- 
most directly with fluid velocity and can 
quickly outstrip molecular diffusion in 
importance. 

Figure 10 is a plot of Pe’ vs. log Re’ 
for the four types of nonspherical pack 
ing used in the water apparatus. There 
does not seem to be any regularity in 
the shape of the curves in the broken 
line region, but the solid lines all have 
small slopes, as with spheres, and these 
slopes are about the same function of 
D,/D, as in the case of spherical pack- 
ing. Also, the lines for the nonspherical 
packing are seen to be displaced ver 
tically downward toward lower values 
of Pe’, when compared with the results 
for spherical packing, and the displace 
ment increases as the particle 
deviates more and more widely from the 
spherical. 

In correlating the solid-line or stable 
regime data for various packings an 
exponential equation was used of the 
form Pe’ = m(Re’)* in which a is a 
function of D,/D, and m is a function 
of both D,/D, and A, a shape factor 
The resulting equation is: 


also 


shape 


(1.15/a) — 0.15 
17.4(D,/D,)*-* + 0.0650 
( Re’) (4-28 (De 


Pe 
0.050) 
(19) 


A is the shape factor as defined by 
(7), & = 0.205 a/V™® (a is the 
surface area per unit volume and I’ is 
its volume). 

This expression fits the stable region 
data for spheres to within 5%, and for 
nonspherical particles to within 10%. It 
should not be used for values of D,/D, 
greater than 0.17 with spheres, or 
greater than 0.11 with nonspherical par- 
ticles, but it probably can be employed 
to extrapolate the experimental results 
to Re’ = 5000, without entailing an er- 
ror of more than 15%. It is not valid, 
of course, in the broken line or unstable 
region. For spheres, in view of the 
rough proportionality between the posi- 
tion of the break between the two re- 
gions and D,/D,, the lower limit of the 
stable region can be expressed in the 
form Re’ = 2150(D,/D,). This limit- 
ing equation is not very accurate because 
of the uncertainty connected with meas- 
urements in the unstable region, but it 
can serve as a useful approximate limit 
to the validity of the general equation 


Leva 
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in the case of spheres. In the absence of 
more satisfactory unstable region data 
for nonspherical particles, the limiting 
equation will be assumed to apply for 
these shapes as well. 

Figure |] shows results obtained with 
mixed packing in the water apparatus, 
am! with }g-in, spheres in the air ap- 
paratus. The former packing is a mix- 
ture of l-mm. and 3-mm. spheres, con- 
taining 62.4% by volume of the larger 
spheres. This particular concentration 
gives a minimum fraction void accord- 
ing to Furnas (5). The actual measured 
value of « was 0.297. An average D,, 
weighted by volume fraction of the in- 
dividual components, has been used in 
the plot, and the plot for 1-mm. spheres 
has been included for purposes of com- 
parison, Note that the stable region line 
occurs in the correct position 

Ihe stable region line for the 4-in 
spheres in the air apparatus is seen to be 
displaced downward from the expected 
position by about 159. However, this 
difference is surprisingly small in view 
of the enormous difference in the char- 
acteristics of the two main stream fluids, 
and is a good deal smaller than the 
errors which are encountered often in 
correlations of heat transfer or diffusion 
measurements on widely divergent sys- 
tems. The broken line region does not 
have the same shape as the unstable 
regions encountered with spherical 
packing im the water apparatus. It has 
been indicated by a broken line because 
it seems distinct from the normal stable 
region encountered at higher values of 
Re ¢ 

An important experimental finding 
which also was an underlying assump- 
tion in this work deserves emphasis. It 
ms that the value of a (or FE, at constant 
™) ts constant and independent of radial 
rosition \s an example, statistical 
analysis of a typical run having 12 
raverse readings results in a single 
alue ot w/k, at any radial position 
within a precision of 6.3% at a confi 
dence level of 95% 


Figures 12-14 present results of 
pressure-drop measurements on the var 
ious packings, They are standard plots 
ot the log of the modified friction factor 
ws. log Re’, being defined as 
AP /2LG2. Figure 12, for the 
spheres, shows no anomalous features 
that need explanation. In Figure 13, 
for the nonspherical packing, it is noted 
that the curve for the % g-in. q-in. 
cylinders rises in an abnormal manner 
at lower values of Re’. These particles 
were difficult to wet with water and 
tended’ to hold air within the bed. The 
ft’ — Re’ curve tor 3-mm. spheres has 
been plotted on Figure 14 for compar 
ison purposes. To this end, the values 
of f° tor the mixed packing have been 
corrected to 0.386 (the value for the 
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(Water Experiment) 


a 


unknown im the above equation 
ratio Cmar/Cmin of the profile 


ate value of this fraction 
and the simplified equation can be solved directly, giving « 
{ this walue is placed beck into the fraction 


is determined, a 
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Fig. 10. Diffusivity Results. 
Plot of Pe’ vs. Log Fe’ for ah Uniformly Sized Nonspherical Particles in 


SAMPLE DATA SHEET Il 
3/16-in. alundum cylinders 


pitet traverse center = 6 25 cm 


Mixture 
Ca 


0.329 
0.336 
0.341 
0.336 
0.336 


(C/Ca) & 
par) 
+o 0.154 
0.061 
0.003 
0.181 
+05 0.590 
+1 0.922 
+1 0.950 
0.643 
0.228 
0.470 0.010 
0.123 0.0385 
+ 0.143 0.130 
3.907 
1.042 
2.9901 8. 080(1/1.042) 8.371) 
1.486(3.967(1/1.042) 1.596) 
2.390 x 3.907 (1.886)* 
1.067 
3.907(3.967(1/1.042) 1.596) 
1.946! 8.030(1/1.042) 3.371) 
2.390 3.907 (1.886)? 
0.0813 


If an approximate value of a, estimated from the 
is substituted into the fraction 


is then only contained in the ex 
approximate value of a 


the next apprezimation of a will be more than suffi 
in obtaining a value of a from T. These values 
em 
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— TYPE OF 
Criswoens 
3 cvers 
10-4 MESH GRANULES 
Li 
Run 72 
2 16.12 om 
Traverse 
Position Sample 
No cm orcs 
1 3.80 6.190 0.578 
2 4.25 0.237 0.705 
5 5.60 0602 1.791 
6.00 0.737 0.338 2.180 
7 6.50 0.732 0.334 2.165 
A 690 0.730 0.338 2.158 
7.35 0544 0.336 1.618 
10 7.20 0404 0.336 1.200 
i! 48.20 0.312 0.336 0.929 
12 0.237 0336 0 705 
; rin cm (c 
No 628 r Je (Bor) de 
1 248 6.16 —0.393 + 0.275 
2 2.038 4.138 0.247 0.036 
1.58 2.50 0.052 0373 
4 1.18 128 0.425 0.262 
0.46 0.768 + 0.227 
7 022 0.05 0.975 + 
0.62 0.802 + 0.421 
” 1.07 1.5 0.477 0.205 
1.92 3 69 0.188 6.133 
iz 2.32 5.28 —0.361 + 0.2028 
: 3.371 1.596 
1 0.076 108 BR 
2 0.001 + 0009 
0.107 +0251 s 
? te 0.740 + 0.825 
7 0.828 + 0.887 s 
0.177 + 0.338 
10 0.158 0.040 
il O.O17 + 0.025 T 
12 0.041 0.073 
2.390 1.486 T: 
pe I 
compare as follows: a= 19.60 om a, 23.4 
‘th 
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Fig. 11. Diffusivity Results. 
Plot of Pe’ vs. Log Re’ for a Bed of %-in. Spheres in Air Apparatus. 
Also, for bed of mixed 1-mm. and 3-mm. spheres in water apparatus. 


3-mm. spheres) by means of the correc- 
tion factor contained in Leva’s work 
(7). D, is again the average diameter, 
weighted by volume fraction. The curve 
for the mixed packing is seen to be dis- 
placed upward by a factor of 2.7, so 
that the use of this average D, does not 
give a satisfactory correlation. 


Comment 


The f’ — Re’ curves give information 
about flow conditions within a packed 


bed. Their change gradually 
from the —1 in the viscous region to 
about —0.2 at high values of Re’, in 
contrast to the f—Re curve for an 
empty pipe, which shows a sharp break 
across the transition region between vis- 
cous and turbulent flow. This difference 
indicates that there is no sudden onset 
of turbulence beyond a certain value of 
Re’ in a packed bed, but that whatever 
type of turbulence actually exists in the 
bed develops gradually over a consider- 


slopes 


T 


TO 


Lp 


Fig. 12. Plot of Log / vs. Re’ for Beds of Uniformly Sized Spherical Particles 
in Water Apparatus. 
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able range of flows. Also, pressure-drop 
measurements are correlated satisfactor- 
ily by the use of D,. D, having only a 
minor effect, so that the turbulence in 
packed beds most likely is connected 
with the packing size and must there- 
fore be interstitial in character. The 
stable, solid-line region on the Pe’ — Re’ 
plots also is considered to be representa- 
tive of interstitial turbulence, since the 
correlation by the use of D, in Pe’ in 
this region is satisfactory. 

In view of the fact that the unstable 
region of the curves on Figure 12 moves 
forward in proportion to D,/D,, it is 
obvious that had the Reynolds number 
been based on D, instead of D,, these 
curves would have been pulled together, 
This indicates that the large eddies are 
a function of D, rather than D,, ie., are 
controlled by the wall of the containing 
tube, rather than by the packing itself. 

In a highly simplified approach to the 

stable turbulence pattern it may be as- 
sumed that for any particular shape of 
packing, geometric similarity always is 
maintained, regardiess of the value of 
Re’. This means that the scale of tur- 
bulence is always proportional to the 
particle size, and that the root mean- 
square deviating velocity is proportional 
always to the velocity within the bed. 
Stated mathematically, the scale 
d= K,D, and the root mean-square 
deviating velocity t = Kyu. For geo- 
metrically similar systems, FE is propor- 
tional to de’ so that E K,D,u, and 
= = Ky. This pre 
diction of the constancy of Pe’ fits well 
the results in the turbulent region, since 
in all cases the slope of the turbulent 
region line is not great. 

With regard to the relationship be 
tween Pe’ and the shape of the packing 
particles, it is reasonable to assume that 
the presence of sharp edges at the par 
ticle surface should increase the inten- 
sity of turbulence, thereby increasing EF 
and depressing Pe’ relative to the value 
for spheres. It is interesting to note that 
even in the case of the sharp-edged 
granules, Pe’ is depressed by only 35%. 
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Notation 
Dimensional Legend 


L = Length 

M Mass 

H = Quantity of Heat 
6 = Time 

d = Temperature 


= 
1 
4 
\ 
= 
‘ 
‘ 
‘ 
¢ 
. 
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a= radius or half-width of pipe TT T 
or conduit, (1) 7 
B = a constant 7 
specific heat of fluid, 
(H/Md) 

= center of symmetry of profile 

C concentration of diffusing ma- 

terial, (M/L*) 

mixed average effluent con- od 
centration of diffusing ma- - 4 
terial, (M/L4) 4 

D = molecular diffusivity, (17/0) 

D, = particle diameter in packed 
bed (L) 

D, = diameter of containing tube 

(L) 

d = scale of turbulence in packed 
bed (1) 

E eddy diffusivity, (1°/#) 

E, = total diffusivity, E+ D, 4 7 
(L*/@) ab 

f friction factor in empty tube, Re 
(dimensionless ) 

f’ = friction factor in packed bed, 4 
(dimensionless ) Fig. 13. Plot of /' vs. Log Ke’ for Beds of Uniformly Sized Nonspherical 

G, mass rate of flow, based on Particles in Water Apparatus. 
empty tube, (7/16) 
a. gravitational constant, a shape factor of particle, (di- 4. Dryden, H. L., Jnd. Eng. Chem. 31 
(12/@) mensionless, see text) 416 (1939) 
Bessel function of first kind fraction voids in bed, (dimen- 
of zero order, (dimension sionless ) 6. Kalinske, “A A., and Pien, C. L., Ind. 
ars p = fluid density, (47/L5) Eng. Chem.. 36. 220 (1944) 
Bessel function of first kind “ viscosity of Guid, 43, $49 nom 
~s Ist order (dimension 8 Lom, M., and co-workers, Ind. Eng. 
ess) : : Chem., 39, 857 (1947) ; 40, 415, 747 

molecular thermal conductiv- Literature ‘ (1948) 

ity of fluid. (H/L@d 1 Bierens de Haan, D “Nouvelles 9. Towle, W. L., and Sherwood, T. K.. 
Tables d'Integraies Definies,” G. E Ind. Eng. Chem.. 31. 457 (1939) 
L length of packed bed, (1) Stechert and Co., New York (1939), 10. Wilson, H. A., Proc. Cambridge Phil. 
V = rate of mass transfer, Table 98, Equation (15) (1939). _ Soc.. 12. 406 (1904) 
VW /el? 2. Carslaw, H. 5. and Jaeger, J. C. 11. Woertz, B. B., and Sherwood, T. K., 
AP = pressure drop across bed “Conduction of Heat i Solids, Trans. Am. Inst. Chem. Engrs., 35, 
< Oxford University Press, London 517 (1939) 
(M/L@) (Equation (7)), 311 (1947) 
Pe’ = modified Peclet number J. Chilton, T. H., and Colburn, A. P., 
D,u/E, (dimensionless ) Trans. Am, Inst. Chem. Engrs., 26, Meet York 

Oo rate of injection of diffusing 166 (1931) ee 
substance, (.W/@) 

q = amount of tracer material = Dow 
when placed instantan 
eously, (M) 

rate of heat transfer 

(H/@L2) 

radial coordinate in cylindri 
cal coordinates, (1) 

Re’ Reynolds number for packed 


bed, based on D,, (dimen 


stonless 


tome, (0) aL 


mean, point-condition velocity = 
in direction in cylindrical 
ordinate (L/@) 
cium? 

integral average velocity 

hased on empty tube, (1 /@) 
root mean-square value of 7 


(L/@) 


coordinate m 


deviating velocity 
longitudinal 
eviindrical coordinates, (1) 


IU/L) 


positive root of Bessel func 
thon of first order, first kind 
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Fig. 14. Plot of Log / vs. Re’ for a Bed of \-in. Spheres in 
Also, for bed of mixed 1-mm. and 3-mm. spheres in water apparatus. 
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CONVERSION 
CATALYTIC CRACKING 


R. A. McKEAN and L. F. GRANDEY 


IN TH 


Union Oil Company of California, Wilmington, California 


In the past few years catalytic cracking has assumed an increasingly 
important role in petroleum refining. A constant problem to the refiner 
is how to secure the maximum yield of cracked products. 


This paper presents an improved correlation of feed-stock conversion 
with space velocity and catalyst-to-oil ratio. This correlation is based 
on an empirical! formula tested with pilot plant and commercial data. 


HE operator of a petroleum cata- 

lytic cracking facility desires to de- 
rive the maximum profit from his crack- 
ing plant. Usually this is interpreted to 
mean maximum possible gasoline pro- 
duction. For this reason the petroleum 
process engineer is frequently asked, 
“How can we, by changing process con- 
ditions, increase gasoline production?” 
This paper is an attempt to present par- 
tial answers to this question. 

In Thermofor Catalytic Cracking the 
common process variables are (1) oil- 
residence time, (2) catalyst-to-oil ratio, 
(3) reaction temperature, (4) catalyst 
activity and (5) feed-stock characteris- 
tics. Because the effect, in both direction 
and degree, of a change in one of the 
catalytic cracking process variables is 
dependent on the location of the over- 
cracking region, it is convenient to study 
the effect of the process variables in 
two stages. The first stage is the study 
of the effect of the process variables on 
gas oil conversion. Conversion (C) is 
defined as the volume fraction or volume 
per cent of the original gas oil charge 
that is converted to gas, gasoline and 
coke. This quantity is calculated by dif- 
ference according to the formula, C = 
1.00 — P, where P is the volume frac- 
tion of gas oil range material appearing 
in the product. It has been found that 
an increase in one of the process var- 
iables always results in an increased 
conversion, 

The second step in the problem is de- 
termining how the gas, gasoline and 
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coke are distributed at a given conver- 
sion and for a given set of process var- 
iables. In other words, given a conver- 
sion derived in first step, how much 
gasoline will result? This problem has 
been discussed elsewhere and is not con- 
sidered in this paper. 

A survey of the pilot plant data avail- 
able on Thermofor Catalytic Cracking 
(TCC) has been made with the object 
of correlating the data to determine 


ERMOFOR 


more precisely the effect of the chief 
operating variables. The result of this 
survey was the development of a corre- 
lation for oil-residence time and catalyst- 
to-oil ratio. 


Oil-Residence Time Related to Con 
version. Thermofor Catalytic Cracking 
data on the effect of oil-residence time 
and catalyst-to-oil ratio have been cor 
related by several methods. Predomi- 
nantly, the correlations are based on a 
mathematical expression of the form 


Y = KX* (1) 
or expressed in another form, 


= nlnX + InK (la) 


090 + + + 


--+-4 
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0.20 
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Fig. 1. Conversion vs. Space Velocity. 
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tendency suggested that an equation of 
the type 


= Kx (2) 


might better satisfy the data. Efforts 
were directed toward determining the 
most suitable form of the exponent 
The function found best 
to correlate the data was (1—\/ Y). 
This function has the desired property 
of a progressively decreasing value as 
the value of Y increases. Thus, the 
equation adopted for this correlation 
study is: 


CALCULATED CONVERSION 


uty InY = (1 —\/ ¥ + InK 
O-OaTa SET Tagce (3) 
O-OATA SET WOR TABLET 
SET NOD TABLET 


or expressing it in another form: 


= (3a) 


As applied to TCC data on the effect 
020 «603000 050 060 O70 of oil-residence time, Equation (3a) is 
REPORTED CONVERSION expressed as: 


Fig. 2. Calculated Conversion vs. Reported Conversion. Kt0-Ve) (4) 


where 
were obtained for both countercurrent Po 
and concurrent flow of oil and catalyst. 
The data span a conversion range of 25 t = oil-residence time ; hr. 


= conversion; volume fraction 
conversion; volume fraction 
oil-residence time, or catalyst- to 85%. All these data were first plotted K, = constant for a given feed stock, 
to-oil ratio on a log-log system of coordinates to catalyst-to-oil ratio, reaction 
check the validity of the correlating tempe rature and catalyst ac- 
tormula (see la). It was found that the tivity 

value of the coefficient m progressively ; 

decreased as the conversion level in- Nore: K, may be defined as the 
creased. This can be seen from the crackability of the feed stock at an 
slopes of the lines on Figure 1. This oil-residence time of 1 hr. and the 


a constant determined by all 
TCC variables other than 
the one being varied (either 
oil-residence time or catalyst 


to-oil ratio) 


constant 


This expression graphs as a straight TABLE 1.—PILOT PLANT DATA 
line on a log-log coordinate system. The TCC Correlation Data Effect of Oil Residence Time 


plot of either oil-residence-time data or Reported 

atalyst-to-oil-ratio data on log-log co oi 

Data Set Conversion Space Residence 
No Vol. Fraction Velocity Time; hr 


ordinates does approximate a straight 
ine when the data span only a small : 

0 
ange of conversion This has un ‘ 


0.59 


21 
‘4 


loubtedly led to the adoption of the 
above expression as a correlating func 
tion. Figure 1 is a plot on log-log co 
ordinates of data used in this report 
amd is typical of all the data reviewed 
The chief weakness of this plot is that 
it fails to define the terminal conditions 
Extrapolation of the straight lines could 
result in conversions above 100. Also 
as seen from Figure 1, extrapolation of 
experimental data can result in signifi 
cant errors. It is this fact which indi 
cated the need for an improved corre 
lating expression 

The oil-residence time and catalyst-to 
oil-ratio data reviewed in this correla 
tion study were predominantly developed 
in pilot plant studies (Tables 1 and 2) 
Pilot plants from which the data were 
derived were all of the continuous type 
A stream of oil vapor was passed 
through a moving bed of catalyst. Data 
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= 
9 
0100 
here 
y 
K 
Migs 
Ke 
Cale.) 
J 1.43 BRS 6.320 
2 0.545 0.48 2.08 0.450 
0454 1.00 1.00 0454 
Ave 0.46 
0.700 0.50 2 00 0.62 
“is a +4 1 00 618 
Ave. = 0.62 
0.98 1.02 0.4502 
195 Os 0.570 
Ave. = 054 
67 0 60 166 
1.80 556 618 
é 0.732 60 1. 0.681 
0.631 1 #0 © 556 0.710 
Ave 0 696 
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given cond tions of the other TCC 
A valuable property of this equation aw 
is that it satisfies both terminal condi- g 4 
tions besides showing close agreement o xyo.as0 
with experimental data in the middle 2 
range. At zero time the equation yields 0.40}- CORRELATING EQUATION} +——4 
zero conversion and as residence time is 
allowed to increase without limit, con- O-OaTA SET NO) TABLE I, 
value. 010 @-OATA SET NO4 TABLE +0540 
Table 1 summarizes the data on oil- | | | 
residence time that were used in this 20 
correlation study. Each set of data was Ol RESIDENCE 


obtained on a given feed stock and all 
variables, other than oil-residence time, 
were maintained constant. For the re- 
ported conversions and oil-residence 
time of each set of data, a K, was cal- 


Fig. 3. Conversion vs. Oil-Residence Time. 


culated. The close agreement of the , . 
K,'s for any one set of data indicates | | | 
the above equation correlates the data T 1 T 

well. Four sets of the data in Table 1 
have been plotted on Figure 3 to show om Rar 394 
graphically the agreement between the 
data and the correlating equation. The 080 
K,’s calculated for any one set of data § 040 
were averaged to determine the best K, | conga) 

for that feed stock, catalyst-to-oil ratio, es 
reaction temperature, and catalyst activ- a20 O-OaTA SET NOR TABLE || 
ity. Then the average A, line was | | | SET NOD TABLE 

drawn for that set of data. Another test 0.10 
of the correlating equation ts presented i 
to 20 30 40 so 


in Figure 2 where the values of C as 


CATALYST TO O11; RATIO 
Fig. 4. Conversion vs. Catalyst-to-Oil Ratio. 


TABLE 2 PILOT PLANT DATA 


TCC Correlation Data 


Ratie 


Effect of Catalyst to 


Oatelves calculated from the correlating expres- Catalyst-to-Oil Ratio Related to Con- 
Data = Conversion = to Oil Ke sion are plotted against the experimental version. For the correlation of TC( 
Set No Vol. Fraction Ratio (Cale) ate ents 
values of C. Proximity of the points to data on the effect of catalyst-to-oil ratio, 
the 45° line is evidence of the close Equation (3a) is expressed as 


agreement of the two values. ( K,RO-yVo' (5) 


C* CONVERSION 


0.40 — - -—- 7 
| 0.20 
0.30 
23 0.435 | 
Avy =0.432 | 
* Data on effect of catalyettooil ratio was 0.10 
developed by maintaining constant oi!-vapor inlet 
and catalyst-iniet temperatures, which resulted ° 
increasi ction er as the 
Lo 20 30 40 50 60 70 
data to co! reactio erature wou 
—— -y - RESIDENCE TIME OR R* CATALYST To OIL RATIO 
equation. The calculated Ke would not appear 
to increase as indicated above Fig. 5. Conversion vs. Oil-Residence Time or Catalyst-to-Oil Ratio. 
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Av = 0.306 
2 0.543 161 0.482 : ‘ 
0.627 290 0503 
0.700 601 0.524 
Av 0.503 K 
J 53 0.395 
45 1.5) 0.80 + — 
0.502 103 0.365 | | 
o.618 6.10 0.421 | 0.60 
Ay 0 394 0.70 686 
4 0.493 18 | 0.40 
0.565 5 | 
| 0.30 


= conversion; volume fraction 
catalyst-to-oil ratio 


constant for a given feed stock, 
time 
and 


onl-residence 
temperature 
activity 


reaction 
catalyst 


Note: Ky may be defined as the 
crackability of the feed stock at a 
catalyst-to-oil ratio of one and the 
given conditions of the other TC( 
variables 


Table 2 summarizes data on catalyst-to- 
oil ratio that were used in this correla- 
tion study. Use of these data, in exactly 
the same method as outlined above for 
oil-residence time, yielded the data pre- 
Again close agree 
nent exists between the actual data and 
he Ay line for that feed stock, oil 
reaction temperature, 


sented on Figure 4 


esidence time, 


ml catalyst activity 
Chart for Both Residence Time and 
atalyst-to-Oil Ratio. Figure 5 is a 
family of curves derived from the above 
eorrelating expressions (Eqs. 4 and 5) 
tor use im studying changes in either 
worl-residence time or catalyst-to-oil ratio 
This chart summarizes the effect of both 
for either 
first the 
knowledge of one set of operating data 
that ts 


and be used 


this 


variables may 


Use of chart requires 


the conversion (() obtained for 
a given oil-residence time (1), catalyst 
to-onl (R) 
amd feed stock 

tor the given oil-residence time or cata 
lyst-to-oil ratio establishes a K, or Ky 
urve for that feed stock and the given 


ratio reacthhon temperature, 


The value of conversion 


yperating variables, Movement along 
his A, or Ky line indicates the effect 
m conversion of varying either (not 
both) oil-residence time or catalyst-to 
other 
conditions constant. When both catalyst 


to-onl 


ol ratio while maintaining all 


rate amd oil-residence time are 


changed, calculations must be made 


successively 


Typical example 


Laven 


Mr 1.0 and A 2.0, ¢ 040 


What will C be att 20 and & 40 


(1) Entering Figure 5 at ¢ 1.0, a point 
in the tamily of K, estab 
lished. Now move parallel to the ad 
jacent curves to ¢ 20, at which 

0.49 


lines is 


¢ 


Entering Figure 5 at A 20, a 
point m the family of Ae lines is 
established. Now move parallel to 
the adjacent curves to A 40, at 


which point C = 0.565, 
answer. 


the final 


The same result would be obtained if 
the change due to R were calculated first. 


Definitions 


the volume fraction or 
volume per cent of the original gas 
oil charge converted to gas, gasoline 
and coke 


Conversion is 


Ou-Residence Time is the time in hours 
required for a volume of liquid oil, 
equivalent to the volume of catalyst 
in the reactor, to pass through the 
reactor 


Space Velocity is the reciprocal of oil- 
residence time 


Catalyst-to-oil Ratio is the ratio of the 
volume of catalyst being circulated to 
the volume of liquid oil being charged 
per unit time 
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Discussion 


B. W. Neumaier (Richfield Oj! 
Wilmington, Calif.) 
rather novel approach in relating the 


Corp., This is a 
effects of space velocity and catalyst-to- 


oil ratio to conversion in Thermofor 
Catalytic Cracking 

The particular 
apparent in the 
seems to be the ability to extrapolate 


and with a mini- 


that is 
formulas 


advantage 
empirical 


with more reliability 
mum amount of data. We applied some 
Richfield pilot plant data to the two for- 


mulas and obtained reasonably close 


agreement with them. Slight changes 


m the exponential factors in the case 
of the velocity formula (one 
minus the cube root of conversion rather 
than one minus the square root of con 


better 


space 


version) seems to fit our data 
Also in the the catalyst-to-oil 


ratio formula (we didn't have data he 


case of 


yond four to one catalyst-to-oil ratio), 
the exponential factor which fit our data 
better was one minus conversion, rather 
than one minus the square root of con- 


version. It seemed rather odd that the 
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two variables effecting conversion could 
be handled in much the same way; in 
fact, with identical formula type. 

I believe it is generally accepted that 
the major effect of catalyst-to-oil ratio 
is that of contributing improved cata- 
lyst activity to the reaction zone and 
because of that would possibly have a 
limiting terminal condition which would 
not allow 100% conversion by that fac- 
tor alone. 


R. L. Flanders (California Research 
Corp., Berkeley, Calif.) : In general, the 
data appear reasonable and consistent 
with findings in both our pilot and com- 
mercial units. Since rate and 
catalyst-to-oil ratio are not varied over 


space 


a wide range in commercial practice at 
Richmond, a check on the extremities 
of the correlation was not possible 

The pilot cracking equipment at Rich- 
mond has primarily to 
evaluate cracking characteristics of dif- 
ferent feed stocks by cracking at con- 
stant operating conditions in a fixed-bed 
Houdry unit. The process yield data 
however, 


been used 


available, show reasonable 
agreement with those presented in the 


paper 


A. L. Conn (Standard Oil Co., 
(Ind.), Whiting. Ind.): A question in 
my mind has to do with the use 
of oi! contact time and space velocity 
interchangeably. In our early work with 
fixed bed catalytic cracking, we found 
that the did not 
correlate nearly as well with oil contact 

This was 
fact that 
large quantities of steam, which greatly 
reduced the oil contact time but did not 
space had little 
effect upon conversion. Was any steam 


conversions obtained 
time as with space velocity. 


demonstrated by the using 


change the velocity, 
present in the work presented, or does 
the oil contact time assume no steam? 


R. A. McKean: Well, on the ques- 
tion on oil contact time, as we use it, it’s 
very simple. It is the inverse, or 1 over 
the space velocity. To express it an 
other way, it’s the ratio of catalyst vol- 
ume to oil charge rate. As we use it 
oil-residence time is not time at all, al 
though its units are time. 

As far as steam is concerned, if we 
had steam in one of these runs, we had 
Now what 


would happen if we tried to compare a 


the same quantity in another 
given oil contact time, which of course 
is based on cold oil charging rate, with 
another where the quantity of steam has 
been varied, I don't know. 


(Presented at Tenth Regional Meet 
ing, Los Angeles, Calif.) 


a 
where 
Kr 
| 
‘ 
_ 
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RATE OF SULFONATION OF 
BENZENE WITH SULFURIC ACID 


R. C. CROOKS and ROBERT R. WHITE 


University of Michigan, Ann Arbor, Michigan 


The rate of sulfonation of benzene at a fugacity of one atmosphere by 
sulfuric acid was determined in a steady flow apparatus at temperatures 
from 90 to 140° C. in reaction mixtures containing from 2.53 to 41.83 
wt. % C,H,SO;H, and from 49.17 to 81.53 wt. % H,SO,. Mass-transfer 
effects were eliminated by maintaining high agitator speeds. These data 
and previous data on the sulfonation of benzene were correlated by the 


equation 


C, 2 


R 
£ us| in 


1 9.2394 5349 
4 


The method of correlation was also applied to previous data on the 
nitration of toluene at 95° F. (1/0) giving the relation 


Ry 
X rly 
ULFONATION of benzene is rep- 
resentative of a large class of re- 
actions which have widespread indus- 
trial application. While the mechanism 
of the reaction has been the subject of 
many investigations (6, 7, 9, 11, 14, 15, 
17), there are only a few limited and 
somewhat unsatisfactory data on the 
rate at which the reaction proceeds (2, 
8, 19). This investigation was under- 
taken to determine the effect of temper- 
ature and the composition of the reac- 
tants on the rate of sulfonation of 
benzene. 


Experimental Equipment. A steady- 
state-flow method was chosen in prefer- 
ence to the batch method in order to 
avoid the uncertainties inherent in the 
differentiation of the composition-time 
data derived from batch experiments. 
Benzene has but a limited solubility in 
sulfuric acid solutions, its concentration 
is difficult to determine quantitatively, 
and representative samples of the reac- 


Note: Details of the analytical methods 
and procedures (Appendix I) are on file 
(Document 2752) with the American Docu- 
mentation Institute, 1719 N Street, N.W., 
Washington 6, D. C. Data obtainable by 
remitting 50 cents for microfilm and 60 
cents for photocopies. 
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tion solutions are difficult to obtain be- 
cause of vaporization during sampling. 
It was decided to maintain the fugacity 
of benzene in the reacting system at a 
constant value by bubbling benzene va- 
por at a known pressure through vio- 
lently agitated sulfuric acid solutions. 

The equipment in which this was 
accomplished is shown schematically in 
Figure 1. Benzene and sulfuric acid 
reactants are fed continuously from 
constant-head-type reservoirs A and B, 
through flowmeters D and E. Benzene 
liquid passes from the hydrostatic leg E 
into the vaporizer F, and vaporized ben- 
zene is introduced into the bottom of the 
reaction cell O through the insulated and 
electrically heated line J. Flask G is em- 
ployed as a liquid trap to prevent un- 
vaporized benzene from entering the 
reaction cell. Flask H includes a hydro- 
static seal and serves to prevent the 
formation of a vacuum, in the benzene 
vapor system when the equipment cools. 
Both flasks are insulated and electrically 
heated. 

The level of the mixture of liquid and 
vapor in the reaction cell is established 
by the position of the liquid overflow 
outlet. The liquid product overflows 
through the side outlet into a U-tube, 
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from which it is withdrawn by a siphon 
tube whose outlet is immersed in the 
liquid seal cup U located outside the 
bath. The product then flows through 
a side outlet from the siphon seal into 
the product receiver W’. Excess benzene 
vapor, released from the reaction mix- 
ture in the cell, passes through the 
insulated and electrically heated line L to 
the condenser AA, and the condensate 
is collected in the benzene receiver X. 

A copper-constantan thermocouple Q, 
in a well immersed in the reaction liquid 
measures the temperature in the reaction 
cell. The dibutyl phthalate bath N is 
electrically heated and thermostatically 
controlled to maintain the desired tem- 
perature in the reaction cell. 

The reaction cell is constructed of 
pyrex glass; details are shown in Fig- 
ure 2. Benzene vapor entering the cell 
through the bottom tube connection is 
subdivided into small bubbles by the 
shearing forces present at the ends of 
the rotating distributor tubes. 

Calibrated constant-head-type reser- 
voirs as shown in Figure 1 having a 
capacity of 5,000 ml. are employed as 
a source and measure of benzene and 
sulfuric acid reactants. The adjustable 
level of the open tube in the reservoir 
establishes the hydrostatic pressure 
causing liquid movement by fixing the 
pressure at the inlet of the siphon tube. 
Pyrex glass capillary tube flowmeters 
were used to indicate instantaneous flow 
rates of benzene and sulfuric acid re- 
actants to the reaction cell. 

An aspirator arrangement, shown in 
Figure 3 is used to obtain reaction mix- 
ture samples directly from the reaction 
cell. A 125-ml. Erlenmeyer flask, with 
a side tube added, was connected to a 
glass-sampling tube which extended to 
within the reaction mixture in the cell. 
The l-gal. bottle with a water siphon 
functioned to aspirate a liquid reaction 
mixture sample from the cell into the 
sampling bottle. 
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Fig. 1. 
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acid manufactured by the Gen 


Sul f grade 
ul 
eral Chemical Co. was mixed with dis 
tilled water to the 


desired for acid reactant solutions 


various Concentrations 


\ technical grade benzene 
manufactured by The Barrett division 
Chemical and Dye was 
used as reactant. Its freezing pomt was 
determined to be 5.28" ( compared 
with a value of 5.51° C. determimed on 
pure benzene (77 The benzene purity 


indicated by the freezing pomt lowering 


was 965°, benzene, expressed on a 


mole hast 


Lavpermental Procedure In each ex 


permental run, the reaction process ts 
conducted under conditions of constant 
reactant teed rates Composition and 
reachon mixture temperatures lor a 
perma! of time sufficient for a steady 
state condition in the cell to be attamed 


The 
chtions of constant temperature and feed 
rates tint 
to 5 he 
of the 


reaction is maimtamed under con 


of reactants pervxl o 


the 


trom 


depending ot rates of 


flow reactants to atta steady 


state operating conditions m the reaction 
ippreciable differ 


mixture. There ts ar 


ence between 


density of the reaction mixture indicates 


the densities 


Schematic Diagram of Equipment. 


steady-state conditions 


Whe 
tained 
of the 
liquid, 


overtiow product 


through a three-way sampling stopcock 


n steady-state conditions 
sumples for analyses 
overflow 


and 


benzene 


condensate 


product 


sample Is 


ot the 


are at 
are 


‘ ell 


feed 
and product solutions so that a constant 


taken 
reaction 
The 


obtained 


on the condensate line below the 


(Y, Fig. 1). 


con- 
The cell liquid 
sample was obtained by aspirating ap- 


denser 


proximately 3) mi. of the reaction 
mixture through line X, Figure 1, into 
an Erlenmeyer flask as illustrated in 
Figure 3. 
of the reaction, a predetermined quantity 
of distilled water sufficient to stop all 
reaction is previously pipetted into the 
flask. After the cell sample is taken, the 
volume of liquid phase present in the 


In order to stop the progress 


cell reaction mixture is determined 


Analyses 


The following analyses were mac 


\ 


trom 


Reaction mixture withdraw: 
the cell 
1. Sulfuric acid 


2. Benzene sulfonic acid 


BR. Overflow product 


1. Sulfuric acid 
2. Benzene sulfonic acid 
3. Water 

Benzene condensate 


1. Water 


Details of the analytical procedures 
are on file with the American Documen 
tation Institute. (See p. 249.) 

The of the 
mixture in the cell is difficult to deter 
mine by a direct analysis since in order 
to halt the necessary to 
withdraw the sample into a “flooded” 
flask as just described above. The addi 


water content reaction 


reaction it ts 


tion of a relatively large amount of 
water to the sample introduced serious 
errors in the subsequent analysis tor 
water although it does not affect the 
analysis for sulfuric acid and benzene 
sulfonic acid. For this reason, an analy 
sis of the overtlow product samples 


withdrawn into a dry bottle is made and 
the effects of the 
ring during the sampling operation and 
the passage of the product through the 
transfer line is corrected through a stoi 


back-reaction” occur 


chiometric balance based on sulfur, be 
tween the overflow product sample and 


on the overflow line (1°, Fig. 1). Ben the reaction mixture sample. The 
zene condensate samples are obtained method of correction ts illustrated in 
through a three-way sampling stopcock Table 1 
TABLE 1.—CORRECTION OF CELL ANALYSIS BY A SULPUR MATERIAL BALANC! 
Adjusted 
Cell Overflow ce 
Analysis Analysix Analy 
wr + BSA 13.16 13.1 
Total 
9 46 au 
Wr S in 
4 BSA 2 667 
Total 74 
Cerreetion fa 
Adjusted 2 1994 75.8 
After-reaction Adjustment of Concent ” 
After reaction de« % 87 7 7 
Water formed 
Adjusted Ho = 110 10.94" 
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Experimental Results 


Thirty runs over a temperature range 
of from 90°C. to 140° C. were made. 
Sulfuric acid-water solution mixtures in 
concentrations varying from 80.4% to 
95.1% 
employed as reactant feed solutions. The 


sulfuric acid by weight, were 
quantity of benzene vapor introduced 
into the cell was approximately twelve 
times the amount which entered the re- 
Benzene 
formed in these runs to concentrations 


action sulfonic acid was 
which varied from a minimum of 2.53% 
to a maximum of 41.83% by weight 

Experimental errors present in meas- 
urements of the quantities observed im 
this work are estimated to be approxi- 
mately as follows: 


Volumetric rates. % 
Temperature 

Wt & 

Wt BRA 

Wwe. Hw 

Reaction mixture volume 


Typical experimental data obtained 
are shown in Table 2, “Operating Con 
ditions,” and Table 3, “Reaction Mix 
ture Analytical Data.” 

In Table 2, columns 1, 2, 3, and 4 
present the run number, reaction tem 
perature, barometric pressure and stirrer 
speed respectively. Column 5 gives the 
quantity of the reaction mixture deter 
mined from the liquid level in the cell 
after the flows of the reactants and the 
stirrer were stopped at the end of the 
run. The space velocity given in column 
6 is the quotient of the hourly volume 
rate of acid feed and the volume of the 
liquid phase in the cell (column 5). 
Columns 7 and 13 give the density of 
the acid feed and overflow products 
Columns 8-12 give the 
hourly mass-flow rates of the 
feed and product streams. 

Table 3 presents the typical analyses 
of the samples. The “Corrected” analy 


respectively. 
various 


sis of the reaction mixture, as explained 
in Table 1 is presented in columns 12-15 
The difference between the total of col- 
umn 15 and 100 per cent is assumed to 
be benzene dissolved in the reaction 
mixture and the “benzene-free” analysis 
based upon this assumption is reported 
in columns 16-18 

lable 4 shows typical material bal 
ances based on sulfur, oxygen, and ben- 


Reaction 
Liquid 
Vol feed ml « 


Stirrer 
Speed 
rev min 


OU 


FRONT SECTION 


Fig. 2. Reaction Cell. 


zene for each run. In nearly all cases, 
the material balances check to within 
1%. 

Table 5 presents derived values em- 
ployed in correlating the data. Product 
densities (column 4) at the reaction 
temperatures were computed from their 
densities at 25° C. 
tally determined volumetric expansion 


and the experimen- 


TABLE 2.—-OPERATING CONDITIONS 


Space Acid Feed 
Velocity 


mi. acid Density 


vol. br m! 


coefficient of 0.0006 ° C.-! The total 
moles per liter of reaction mixture 
(column 9) were computed from the 
product mole fraction compositions, col- 
umns 5-7, and the densities at the reac- 
tion temperatures. Reaction rates, R,, 
were calculated from the concentration 
of benzene sulfonic acid in the product, 
the mass rate of product formed, the 


Overflow 
Product 


Density 
at 25°C 
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THIS LEVEL 
PROPELLER, 4 REGO 
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} UNLESS OTHERWISE 
a 
HKenzene Henzene 
Bare Peed Condensate 
Reactior Kate Rate Rate Kate 
No ‘ He hr br hr hr ml 
1 3 3 5 6 7 10 i i2 18 
11 140 741 1240 ‘24 95.14 1.830 B68 208 739 1.5460 
iz 100 726 1280 ioe 2194 1080 1606 
13 100 740 1770 263 os 95.14 1 826 1912 1078 736 2253 1.632 
100 733 650 1.55 a5.12 1.768 1054 $12 270 1096 1.724 
140 739 650 55 95.06 1.832 1036 2456 1.507 
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REACTION MIXTURE ANALYTICAL DATA 


TABLE 3 


yoo Baste 


Mixture A 


Bensene f 


Reaction Mixture 
Oorrected Analysis 


Overflow Product Analysis 


Mixtore Analysis 


Keaction 


Hs 


volume of reaction mixture in the cell 
and the molecular weight of benzene 
sulfonic acid, 158.17, according to the 
relation 


CELL SAMPLE BOTTLE 
125 ML. ERLENMEYER 
FLASK WITH SIDE aRM 


the fugacity of benzene in the liquid 
phase in addition to other variables, so 
that the correlation of the sulfonation 


(wt. % BSA) (mass hourly product rate) 


(100) (volume of the reaction mixture) (158.14) 


Values for (Rz/C4) cate. Were computed 
from the empirical equation used to cor- 
relate the data, where C, is the concen- 
tration of sulfuric acid in the product 
expressed as moles per liter. 


Comment 


Mass Transfer Effects. Since sulfuric 
acid is relatively nonvolatile, the reac- 
tion between benzene and sulfuric acid 
must occur in the liquid phase of the 
reaction mixture; the vapor phase con- 
sists primarily of benzene and small 
concentrations of water, as indicated by 
the analyses of the benzene condensate 
stream. 

Presumably the rate of sulfonation of 
benzene in the liquid phase depends upon 


rates requires a knowledge of the effec- 
tive benzene fugacity in the liquid phase. 
In this investigation, sufficient agitation 
was used so that the fugacity of benzene 
in the liquid phase may be taken as 
substantially 1 atm., the fugacity of 
benzene in the gas phase. 

In order to establish the fact that 
sufficient agitation was used, Runs 30, 
14, 16, and 10 were made at agitator 
speeds of 0, 650, 1260, and 1770 rev./ 
min, respectively, the composition of the 
reaction mixture, the temperature and 
space velocity being held constant and 
so chosen as to produce a high rate of 
reaction in order to emphasize any mass- 
transfer effects. The rate of sulfonation 
for these runs is shown as a function 


TABLE 4-——-RUN MATERIAL BALANCES 


g./hr. 
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Oxygen 
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Fig. 5. Reaction Rate-—-Composition Correlation. 
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tal rates of reaction between benzene 
and sulfuric acid in solutions having a 
benzene fugacity of 1 atm. correlate as 
a function of reaction system composi- 
tion and temperature. Figure 5 shows 
values of log R,/C, plotted against the 
corresponding values of log (+, Vary 
In this plot, the values for 
of reaction 
temperature 
straight line, which may be used to ex- 


+ % 
the rates 
common 


measured at a 
lie close to a 
press a tunctional relationship between 


the rate of reaction and the solution 
composition, 
Each temperature line may be repre- 


sented by the equation 


R 
k 
‘ 


b log (4, 


which reduces to the form 


R, + Yr,)*C 


(2) 


log 
zero; 6b 


where log / is the intercept at 


— + 44,) equal to 
represents the slope and is a function 
ot temperature. 

The composition function (+, pa 


+ '44,) may be regarded as “anhy- 

drous” H,SO, on the basis of the hydra 

thon reactions 
H,SO, + 2H,0 


H,SO, 2H,0 


CgH,SO,OH + 


CgH,SO,OH 


All 
into hydration reactions 
the 


assumed to 
In these 


acid is re 


water present ts enter 
reac 
sulfonic 


tions, benzene 


garded as a dehydrating reagent, react 
ing with water to form the hemihvdrate 
The 


combined with the 


remaining water is regarded as 


sulfuric acid to form 
The 


turic acid may then be viewed as bemg 
its 


the double hydrate remaining sul 


in the anhydrous form, and mole 


traction represented by the function 


In product free solutions, the depend 
ence of the reaction rate upon the com 
position 


function (4, + 


is m agreement with the “pi-value” con 


cept defined by Guyot (7), and evaluated 


as the ¢ 


more extensively by others (6) 
limiting value of sulfuric acid concen 
tration below which the reaction will not 
For the 
this value has beer determined as 
74% «by 


This 


proceed sulfonation of ben 


approximately weight of sul- 


furic acid value corresponds 
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stoichiometrically to the dihydrate 
H,SO, - 2H,O, and is equivalent to a 
zero value for the composition function 


(4%, or, + 44,) product-iree 
solutions. From Figure 5, it is evident 
that as the composition function 
ery + %44,) approaches zero. 


the specific reaction rate likewise extra- 
polates to a zero value 

The presence of the benzene sulfonic 
acid product increases the rate of reac 
tion by combining with some of the 
water present in the system, thus in 
creasing the effective concentration ot 
the anhydrous sulfuric acid reactant 
This is in agreement with Spryskov 
(75), who sulfonated naphthalene with 
sulfuric acid to give spent acid concen 
trations as low as 40.3% at 100° C. and 
25% at 162° ¢ 


pi-values of 659 and 63.7%, respec 


. which are far below the 


tively, previously established. Spryskov 
concluded that hydration reactions oc 
curred between water and the sulfuric 
and sulfonic acids, as 


H,SO, + 2H,0 = H,SO, - 2H,O 


CygH;SO,OH + H,O 


CH;SO,OH - H,O 


The naphthalene sulfonic acid appar- 
ently increased the effective concentra- 
tion of sulfuric acid by combining with 
water to form a hydrate. 
Composition - Temperature  Correla- 
tion. In a sulfonation system of con- 
stant composition, the reaction velocity 
coefficient, &, was found to follow the 
Arrhenius temperature relationship 
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Fig. 6. Reaction Rate—Composition—Temperature Correlation. 


where Equation (2) is written as 


lent to the four temperature lines shown 
on Figure 5. This line is represented by 


R, = kC, (4) equation 
5340 
log — ( -9.239+ ) (#4 + + 2.07 (>) 
‘ 
or 
R, — 4s, + Cy (6) 
or 
R, > 118e ( 9.288 + + (7) 


Figure 6 shows the experimental specific 
reaction rates plotted against a combined 
function of temperature and reaction 
mixture composition. The straight line 


lor & .B (3) drawn through the experimental point 
l on this figure is mathematically equiva 
A 
VT 
= 
+— 
® 
¢ = + ~—+-—— 
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| 
3 
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Fig. 7. Correlation Neglecting Effect of Benzene Sulfonic Acid. 
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A comparison of the calculated and the 
observed values for Ry/C, is listed in 
Table 5. The mean deviation for the 30 
runs (not including Run 30) is 8.5% 
between the calculated and observed 


values 


Harvey's Sulfonation Data (&). Data 
of this investigation cover a space veloc 
ity range of 0.76 to 3.99 reciprocal 
hours. Harvey (&) made batch sulfona 
tions of benzene by sulfuric acid for 
periods ranging from 3-12 hr., repre- 
senting space velocities which can be 
conservatively estimated as equivalent to 
0.08 to 0.33 reciprocal hours. The batch 
data therefore extend to higher degrees 
Although the rates of 
reaction computed from these batch ex- 


ot conversion 


periments have large uncertainties, they 
are useful for order-of-magnitude in- 
vestigation of some factors in the kin 
etics of the sulfonation reaction. Table 
7 shows the rates of reaction and re 
action mixture composition values as 
computed from Harvey's data. The 
conversion computed from the batch 
graphically 
smoothed and differentiated to obtain 


sulfonation data were 


the specific reaction rate values shown 
in Table 7, columns 7 and 8. 
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Fig. 8. Correlation Including Effect of Benzene Sulfonic Acid. 


Test of Effect of Benzene Sulfonic 
Acid on Correlation. Figures 7 and 8 
illustrate the effect of benzene sulfonic 
acid the reaction rate correlation. 
Figure 7 shows that when the benzene 
sulfonic acid concentration «, is not in- 
cluded the composition function, 
points lie far to the left of the line 
which correlates the flow data of this 
investigation. When the sulfonic acid 


on 


nm 


concentration term is meluded in the 
composition function, as (44 
+ the batch-sulfonation points 


straddle the flow-data points as shown 
in Figure & Batch data, representing 
the higher concentrations of benzene 
sulfomie acid, indicate that the sulfonic 


acid has a significant effect upon the 
rate of reaction. 


Tests on Order of Reaction. Tests 
for first and second orders of reaction 
with respect to the sulfuric acid compo- 
nent may also be applied to the data; the 
first- and second-order reactions may be 
expressed as, 


First order : 


= (4) 
Second order : 
R, = (8) 


Figure 9 shows the experimental 
points for the specific reaction rates and 
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V2 Kg + 


the composition function, (44 — “r, 
+ %4+,), on the basis of a second-order 
reaction. It seen that the batch- 
reaction points lie definitely above the 
flow-reaction points, and that the two 
sets of data are not in agreement when 
compared on the basis of a second- 
order reaction. However, the two sets 
of data do fall together when plotted 
upon a first-order reaction basis (See 
Fig. 8). 


1s 


Application of Correlation Method to 
Nitration of Toluene. As a test of the 
method by which the benzene sul fonation 
rates of reaction were correlated, a 
similar viewpoint was applied to a simi- 
lar type of reaction—mononitration of 
toluene by a solution mixture of nitric 
acid, sulfuric acid and water. Experi- 
mental data (10) on toluene mononitra- 
tion at 95° F. was employed for this 
test. 

The reaction rate of toluene nitration 

sensitive to comparatively small 
changes in concentrations of sulfuric 
acid and water as well as in the prime 
reactant, nitric acid. Since the action of 
sulfuric acid is regarded as that of a 
dehydrating agent, the rate of reaction 
was considered upon the basis of the 
effect of hydration reactions upon the 
solution environment. It was found that 
when the hydration reactions were 
assumed as 


is 


H,SO, + SH,O = H,SO, - SH,O 
HNO, + 3H,O = HNO, - 3H,O 


a composition function + 5/344 — 
1/3x,.) was obtained by which the spe- 
cific reaction rate could be correlated. 
If it be assumed that all the sulfuric acid 
enters into the hydration reaction, and 
that the remainder of the water reacts 
with nitric acid, the quantity (1y + 5/3 
¥4— 1/3x,.) might be viewed as repre- 
senting anhydrous nitric acid. 

In the nitration of toluene, the specific 
reaction rate Ry/xpCy plots nearly as a 


straight line against the quantity 
(ty on a log-log 
plot, as shown in Figure 10. At the 


higher and lower values for the specific 
rates of reaction, the points fall above 
a line which represents the data over 
the major portion of the chart. These 
particular values represent measure- 
ments made at the lowest and highest 
concentrations of nitric acid employed. 
Points lying above log (ry + 5/32, — 
1/3x,.) equal to —0.51 represent reac- § 
tions in solutions having nitric acid | 
concentrations below 0.30% by weight. 
The reason that they lie above the line 
might be found in the difficulty of ac- 
curately determining small quantities of 
nitric acid. The points lying below log 
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(ty + 5/34, — equal to —0.95 
represent the reactions conducted at 
high concentrations of nitric acid and 
low concentrations of sulfuric acid. 

From Figure 10, the rate of mononi- 
tration of toluene at 95° F. may be ex- 
pressed as 


Ry 
log — = 8.08 log (ry + 5/3x, 


— 1/3ry) + 6.40 (9) 


Ry = 2,520,000 (ry + 5/3x, 


— (10) 


This equation represents the nitration 
data over a range corresponding to a 
ratio of 2500 to 1 in the value of the 
specific reaction rate Ry/rpCy. Unfor- 
tunately insufficient data are available to 
determine the effect of temperature ac- 
curately 


Conclusions 


As a result of this investigation it 
appears that the concept of anhydrous 
sulfuric acid is helpful in correlating 
the rates of sulfonation of aromatic hy- 
drocarbons and that a similar concept 
may be applied in correlating nitration 
reactions. Rates of sulfonation are ex- 
ceedingly sensitive to the composition of 
the reaction mixture as indicated by 
Equation 6. The correlation of the data 
agrees with the form suggested by 
theoretical considerations. Since mass- 
transfer effects have been eliminated, 
the rate correlation applies for the chem- 
ical reaction alone and should be gen- 
erally applicable. 


Notation 


component 4 
= component B 
= benzenemonosulfonic acid 


concentration of H,SO, in 
reaction mixture, mole/I. 


= concentration of HNOs, 
moles acid phase 


enthalpy 
= constant 


thermodynamic equilibrium 
constant 


specific reaction rate coeffi- 
cient 


MNT = mononitrotoluene 
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LOG (Ky + 1/39) 


Fig. 10. Rate of Mononitration of Toluene. 


rate of benzene sulfonation, 
mole BSA/(hr.) (1.) 


= rate of toluene nitration, mole 
MNT/(hr.) (1. of acid 
phase ) 


reaction rate, mole/(unit 
vol.) (unit time) 


absolute temperature, ° K. 
= temperature, ° C. 
= average molar volume 


mole fraction H,SO,, ben- 
zene-free basis in sulfona- 
tion 


mole fraction H,SO,, acid 
phase, in nitration 


= mole fraction HNOsy in acid 
phase 


mole fraction diphenyl sul- 
fone, benzene-free basis 


mole fraction benzene sulfonic 
acid, benzene-free basis 


mole fraction toluene in or- 
ganic phase, on acid-free 
basis 


mole fraction water 


activity coefficients of com- 
ponents A and B 
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MASS TRANSFER FROM SOLID SHAPES TO WATER 
IN STREAMLINE AND TURBULENT FLOW 


W. H. LINTON, JR.,' and T. K. SHERWOOD 


Massachusetts Institute of Technology, Cambridge, Massachusetts 


In order to explore the effect of the Schmidt group on mass transfer in 
turbulent flow, data were obtained on the rate of solution of cast tubes, 
cylinders, plates, and spheres of benzoic acid, cinnamic acid, and beta- 
naphthol. Test objects were placed in water and tests obtained in both 


streamline and turbulent flow. 


Data at low water velocities agree well with the theory for stream- 


line flow. 


In turbulent flow, good agreement was obtained with the 


Chilton-Colburn prediction involving the 2/3 exponent on the Schmidt 
group. In view of the fact that the new data represent a 1000-fold ex- 
tension of the experimental range of the Schmidt group, this agreement 


is considered to be quite remarkable. 


mass transfer, and 
are exceedingly in- 
fields of 
chemical and 
Data friction 
solid 


H' AT transfer 
fluid 


portant phenomena in many 


Irection 
technology, especially in 


process engineering on 
surface to a 


collected 


vw transter trom a 
fluid 


correlated 


have been and 
the and useful 


empirical equations relating dimension 


moving 
over years 
less groups of the principal variables 
lor ot 

For the important 
flow round 
pipe the usual dimensionless groups in 
the 


ire now available most cases 


practical importance 
inside a 


case of turbulent 


valved are follow ing 
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Other dimensionless groups sometimes 
the Nusselt 
are combinations of those listed 
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tegested im many 


employed, such as group, 


similarity of three processes 
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ap 


ultimately be 


wavs 


velopments ot the last 25 years in 


turbulence have made it 


that there 


theory of 


pear likely may 


rg le three 
(72) 

tor 
hown by one of the pre 
authors «(2/7 to agree well 


theory expla ning all 
The Karman 


relating heat transfer 


phen mena theory 


and friction 


example, was 


sent with 


data on mass transfer from a tube wall 


to a turbulent gas stream 


The length and roughness groups 


Present address: DuPont Cx 


ton, N. 


\rling 


L/D and e/1), are of secondary impor 
tance in the long smooth tubes used in 
most commercial equipment, and have 
received relatively little study. The effect 
of the Prandtl group Cp k (Np,) mn 
heat transfer has been studied over the 
from about O.01 (for 
molten metals) to nearly 100 for hydro 
The corresponding Schmidt 
group p/pl), (Nx) has not been varied 


range certain 


carbon oils 


widely in experimental studies of mass 
transter, 

In 1934 Chilton Colburn (5) 
proposed a correlation of the then-ex 


p 


isting heat-transfer data in the form of 


h (Cu\* 


and showed that for the 

the best line for 
well with the 

2 vs. Di 

of this correlation prompted them to 

that data might 

be correlated in an analogous tashion by 


Dip 
vs 
“ 


available at 


a graph ot 


case of round 
heat 


tricthhon 


transter 
data 
The success 
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plotted asf 
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time meager, and all for 
cases where \ 4. was close to unity. The 
later data of Gilliland and 
(8) and others confirmed this sugges 
tion in a general way, though the varia- 
tion in Vy was extended to cover only 
the range 0.6 to 2.5. It is also supported 
by the data of King and Catheart (14) 
for a diffusivities in 


were were 


Sherwood 


narrow range ot 
liquid systems. 

The present investigation di- 
rected to a study of the effect of Nx, 


on mass transfer by an investigation of 


was 


systems for which Nx, lay in the range 
1000-3000. This involved the measure- 
ment of the rate of solution of slightly 
soluble fused salts from the inner walls 
of cast tubes through which water was 
forced in both streamline and turbulent 
flow. Data were also obtained on the 
rate of solution of cast plates, cylinders, 
and spheres of the same materials. 


Experimental Procedure 


Two vertical round conduits were em- 
ployed, one 5.23 and the other 1.90 cm 


preceded by 75 or more diameters of 


In each case the test section was 


straight pipe to establish normal velocity 
gradients in the fluid stream. Test. per 
usually hour, during 
which the water temperature held con 
stant to within 1° C 
and 


iods were one 
instances, 
The 
apparatus 
Water ve- 
locity varied from 0.5 to 500 cm 


im most 
within 3° C, 
water used was metered to the 


always to city 
by calibrated orifice meters. 
sec. m 
the tubes, and from 5 to 90 cm./sec. past 
the other solid shapes. The correspond- 
ing Reynolds numbers varied from 230 
to 65,000 for the tubes, 3,000 to 180,000 
tor the plates, and 800 to 10,000 for the 
cylinders and spheres 

The solutes cast to form the test ob 
jects were henzoic acid, cimmamic acid 
and beta-naphthol for tubes, benzoic and 
cinnamic acid for plates and cylinders 
and benzoic acid for spheres. The test 
formed by melting the 
material and casting im suitable molds 


objects were 


The cast tubes were formed by placing 
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¥ 
x. 
; 
Ca 
p 
D 
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| 
| 
= 


several short cylinders 0.9 to 7.6 cm. 
long in the test section, with no appre- 
ciable lip or discontinuity between calm- 
ing section and the first cylinders, or 
between forming 
the tube. The short cylinders were care- 
fully dried and weighed before and after 
the test, 
from each cylinder used to calculate 4, 
function of the distance down- 
stream from the water inlet. The weight 
loss in each case was quite small and 
the diameter of the tube was not in- 
creased appreciably. Tests of varying 
duration showed the rate of solution to 
reach a steady value after 5 to 10 min- 
utes of operation. 

Tests on spheres, cylinders, and flat 
plates were carried out in the 5.23-cm. 
conduit. The cast spheres were 1.27 cm. 
O.D., supported in the center of the 
channel by a metal the 
diameter. The cast cylinders were also 
1.27 cm. O.D., 3.81 cm. long supported 
normal to the stream in the 5.23-cm. test 
section. Metal supports 1.27 cm. in 
diameter continued the cylindrical shape 
to the tube walls. Although the water 
velocity past the center of the cylinder 
was slightly greater than at the ends, the 
average water velocity in the test con- 
duit was employed with the cylinder 
diameter in the Reynolds 
number. 


successive cylinders 


and the individual weight loss 


as a 


wite across 


calculating 


Thin cast plates 5.23 cm. wide were 
mounted across the diameter of the 5.23- 
cm, test section. One or more of these 
were mounted one behind the other so 
the total plate length varied from 5.23 
to 35.6 cm. The Reynolds number was 
based on the length of the plate and the 
average stream velocity. 

Values of the molecular diffusivity of 
benzoic and cinnamic acid in water were 


obtained in a separate investigation by 


dia- 
range ot 
provided 


Chang (4), who employed the 


phragm cell method over a 
temperatures. data 


the following values of N ¢, 


Chang's 


Temperature, ‘ 

Benre acd 

Crmnamic acid 

D, for beta-naphthol calculated 
from the data on tubes of this material 
with water im streamline flow 


was 


Solubility data on all three compounds 
were available in the literature but were 
checked experimentally using cast test 
ebjects. (Preliminary data on phenol- 
phthalein were discarded when it was 
found that its solubility 
several fold, depending on the propor- 


in water varied 


tions of crystalline and amorphous solid 
in the cast material. ) 


Results 

Streamline Flow 
line flow « 

ing 


in Tubes. In stream- 
2100) 


occurs, and the 


no radial mix- 
transfer of solute 
from the tube wall into the fluid stream 
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Fig. 1. Data and Theory for Diffusion in Streamline Flow. 


is solely by molecular diffusion. For 
such conditions it is possible to develop 
a theoretical relationship between the 
total solution or mass transfer in the 
tube and the properties of the fluid and 
solute, tube length and flow rate. This 
has been done by Graetz, as reported by 
Drew (6). Graetz gives one equation 
for the case of a normal parabolic veloc- 
ity gradient, and a second equation for 
“rodlike” flow, in which the velocity ts 
assumed constant across the tube dia- 
meter. Leveque (75) offers a_ third 
equation for flow over a flat plate with 
a linear velocity gradient in the fluid 
near the solid surface, and suggested its 
application to flow in tubes where the 
conditions are such that the material dis- 
solving penetrates but a short distance 
into the fluid stream. All three equa- 
tions involve only the two dimension- 
c,and W/D,pL., 
suggesting the use of these groups in 
the correlation of experimental data. 
(Both the Graetz and Leveque equa- 
tions were derived for heat transfer ; 
the forms applicable to mass transfer 


10 15 20 25 
2390 1750 1300 
2320 1660 i210 


follow by inspection. ) 

Figure | shows lines representing the 
Graetz and Leveque equations, together 
with a separately derived modification 
of the Leveque equation for rodlike 
flow at high values of the abscissa. Ex- 
perimental data on solution of the three 
solids check reasonably well with the 
Leveque equation, which is 

% 
) (1) 


Ww 
5.5 


This relation cannot apply at low values 
of (W/D,pL), since the ratio on the 
left-hand side cannot be greater than 
unity. The agreement of data and theory 
supports the assumptions of parabolic 
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flow, molecular diffusion, and saturation 
at the solid-liquid interface, as well as 
the values of D, obtained by Chang. It is 
evident that values of D,; might be ob- 
tained by this experimental technique 
the streamline-flow with 
naphthol were used to obtain the values 
of D, used in correlating the turbulent- 
flow data with this solute. 

Data points appearing in the upper 
left corner of Figure | represent the 
data of Gilliland and Sherwood (8) for 
vaporization of liquids in a wetted-wall 
column at air data 
should presumably fall on the lower 
theoretical line, and their agreement 
with the theory for rodlike flow can be 
considered only as a coincidence 


results beta 


low rates. These 


Turbulent Flow in Round Tubes. In 
addition to the empirical correlation 
proposed by Chilton and Colburn to re 
late mass transfer and friction, a num 
ber of other methods of correlating 
mass-transfer data in turbulent flow in 
tubes has been proposed. These 
summarized in 1940 by one of the pre 
sent authors (21), who showed how the 
Karman heat-transfer analogy might be 
modified for application to mass trans 
fer. More recently Martinelli (79) and 
Reichardt (20) have developed the 
further. When applied to mass 
transfer, most of these proposals relate 
the three dimensionless groups k,/V, 
Nae, and N,, and can be compared by 
means of a graph of k,/V vs. Ng, for 
a fixed value of Np, 


were 


theory 


It is convenient to compare the pre- 
sent data first with the Chilton-Colburn 
correlation, by plotting jp vs. Ng, Fig 
ure 2 shows the data on benzoic acid, 
cinnamic acid, and beta-naphthol in 1.90- 
cm. tubes at an L/D of 6, plotted in this 
way. The cumulative &,/V was found 
to fall off slightly as L/D increased, but 
to be essentially constant for values of 
L/D of 6 or greater. Increase of bulk 
concentration with L/D did not affect 
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Pig. 2. Results for Turbulent Flow in 1.9-cm. Tube at L/)) = 6. 


the driving force, since ¢/c, was always 
less than 0.005, 

Data for beta-naphthol are seen to be 
in good agreement with the Chilton- 
Colburn prediction, as are the data for 
cinnamic acid at the higher Reynolds 
numbers. Values of jp for benzoic acid 
are nearly threefold greater at high 
Reynolds, though the points for the 
three solutes fall together in streamline 
flow. Similar graphs were obtained for 
other values of L/D from 2 to 20, 

Figure 3 is a similar graph of results 
with the 5.23-cm. tube at an L/D of 6. 
In this instance, data on cinnamic and 
benzoic acids agree reasonably well, 
though both sets of data lie 10 to 60 per 
above the Chilton-Colburn line. 
Again the two agree in the streamline 
flow region, 

Except for the case of benzoic acid 
in the smaller tube, the data are in ap- 
proximate agreement with the Chilton- 


tor" 


cent 


Colburn line in the turbulent flow re- 
gion. The high values for benzoic acid 
are believed to be the result of surface 
roughness due to small fissures pro- 
duced by the irregular solution of small 
amounts of benzoic acid. Similar diffi- 
culties in measuring rate of solution are 
reported by King and Brodie (13). Ben- 
zoic acid is some eight times as soluble 
as the other two solutes and was the 
only one of the three to show these fis- 
sures, even though small weights of the 
acid were dissolved. This tendency was 
more pronounced in the smaller tube, in 
which the velocity was greater at a 
given Reynolds number. The benzoic 
acid curve of Figure 2 will be recog- 
nized as having a shape similar to 
Nikuradse’s friction factor curves (1) 
for artificially roughened pipe. 


Effect of Tube Length. In the turbu- 
lent region the cumulative or average 


Fig. 3. Results for Turbulent Flow in 5.23-cm. Tube at L/D = 6. 
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value of jp generally decreased with 
tube length, although the indicated trend 
was somewhat variable from run to run 
(see Table 1) and the typical result was 
a slightly smaller decrease with in- 
creased L/D than reported by Boelter, 
Young, and Iversen (3) for heat trans- 
fer in a round tube with a long calming 
section. In most instances, the effect of 
tube length on jp was found to be neg- 
ligible for values of L/D greater than 
about 6. In the streamline region the 
effect of tube length is important, as 
indicated by the way the data checked 
the Leveque equation. The latter may 
be written (for small values of ¢/c,) 


DY -%/1L\-% 
jn = 1.61( =") (a) (2) 


This suggests a family of lines of jp vs. 
Ng, to the left of Ng, = 2100 on Fig- 
ures 2 and 3, with L/D as the third 
parameter. These presumably all con- 
nect with the single Chilton-Colburn 
line, in a manner similar to that sug- 
gested by McAdams (17) for heat 
transfer. 

Molecular diffusion in liquids is so 
slow that for small values of L/D the 
dissolved solute will not penetrate the 
laminar film near the wall and pass into 
the turbulent core. For such conditions 
a new relation has been developed, based 
on an integration of the diffusion equa- 
tion 

dc 
"Or (3) 


It is assumed that the velocity distribu- 
tion near the wall is that used by 
Karman: 
fV2py 
and f/2 is taken equal to 0.023N,,~°*. 
The solution obtained may be written 


jn = G 
D 
(4) 


This is shown on Figures 2 and 3 for 
L/D of 6. It agrees with the Chilton- 
Colburn line for Ng, of 10,000 at about 
L/D of 4. 

From the results shown on Figures 2 
and 3 it is evident that the Chilton- 
Celburn correlation, based on the minus 
24 power of Ng, is substantiated, even 
though the value of Ng, has been ex- 
tended to the region of 1000-3000. The 
effect of Ng, is made evident by Fig- 
ure 4, which shows various predictions 
as to the relation between &, /V and Ng, 
at a Reynolds number of 10,000. The 
dotted line represents the —34 exponent 
of Chilton and Colburn; the sloping 
solid line represents the analogy devel- 
oped by Sherwood on the basis of the 
Karman heat-transfer analogy; and the 
dashed line represents the minus 0.56 
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exponent obtained by Gilliland from 
data on vaporization in a wetted-wall 
column with a long calming section. The 
four points represent the present data 
on cinnamic acid and beta-naphthol in 
1.90- and 5.23-cm. tubes. Several other 
theories and analogies are omitted in 
order to avoid confusion. 

The experimental range of values of 
Ng, covered by Gilliland was only from 
0.6 to 2.5 and his empirical exponent of 
minus 0.56 was subject to error because 
the range was not wider. It will be 
recalled that the exponent —24 employed 
by Chilton and Colburn was not based 
on diffusion data; it was chosen by 
analogy to a successful correlation of 
early data on heat transfer. In view of 
the uncertain basis of these two empir- 
ical relations, it appears remarkable that 
both are in approximate agreement with 
the present data in the range of Ng, 
from 1000 to 3000. Agreement of the 
data with the Chilton-Colburn relation 
is within 40 per cent. There is, of 
course, no experimental evidence as to 
what happens in the range of Ng, from 
10 to 1000, and it is possible that the 
line is curved on the logarithmic graph 
shown.* 

lf mass transfer is considered to take 
place solely by eddy diffusion, then the 
molecular diffusivity is not involved, 
and the Reynolds analogy should apply. 
If the process is controlled by molecular 
diffusion, through the laminar layer at 
the wall, then the effect of Ng, is evi- 
dently dependent on L/D. For very 
short lengths the diffusing material is 
accumulating in the laminar layer, and 
Equation (4) applies, with an indicated 
exponent of minus 34 on Ng, (this ap- 
pears in the definition of jp). For rela- 
tively large values of L/D it would be 
expected that a steady state would have 
been set up in the laminar layer, with 
a linear solute-concentration gradient. 
With this situation the exponent on Ng, 
would depend on the relative importance 
o: the two series resistances; one to 
molecular diffusion, and one to eddy 
diffusion. If D, is very small or Ng, 
very large, the resistance of the laminar 
layer to molecular diffusion should be 
large compared with the resistance of 
the turbulent core, and k, should be pro- 
portional to D,, or to Ng,~'. This re- 


* Hobson and Thodos (9) show that jo 
involving N«.% serves to correlate their 
data on extraction of isobutyl alcohol and 
of methyl-ethyl ketone by water from por- 
ous solid spheres forming a bed. The Nae 
for these systems was 865 and 776. The 
indicated function of Ne. served to bring the 
data in line with the earlier data of Hougen, 
Gamson, and Thodos (10), and of Hougen 
and Wilke (11) on vaporization of water 
into air using packed beds of wet porous 
solids. Data of Hobson and Thodos were 
obtained at relatively low values of Nae, 
below the range of fully developed turbu- 


lence. 
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Fig. 4. Results at High Values of the Schmidt Number Compared with Various 
Predictions and Theories. 


sult is indicated by the analogy proposed 
by Sherwood, as shown by the solid line 
having an asymptote of slope minus 1 
at high values of Ng, 


TABLE 


: 10.0 min, 1870 


L/D Wt. Loss, gms. 3 


Ic D = 1.90 ca. 
Run No.? 2 Bre 24900 
= 


+ 


ICAL DATA FOR TURBULENT 
TAll values tabulated are cumulative 


In the light of these considerations, it 
is surprising that the single exponent 
minus 34 should appear to hold over a 
5000-fold range of values of Ng, A 


TUBES 
— tube inlet to L/D listed) 


D 1.90 cm, 
Run ho.: 25 Bre = 19000 


Time : 15.33 min. pe. «= 1850 
Se 
Temp. : 14.0°C. * 2.38 


L/D Wt. Loss, gms. 3 


5.75 1.0208 0.00778 4.19 0.9128 0.01125 
9.52 1.6659 0.00771 7.42 1.5628 0.01090 
135.2) 2.3520 0.00779 10.98 2.2627 0.01070 
17.06 3.0282 0.00780 14.56 $.0422 0.01080 
20.9 3. 0.00776 18.2 3.8484 0.01090 
24.6 4.3647 0.00778 21.85 4.6177 0.01090 
D = 5.28 ca. CINNAMIC ACID D = 5.25 cm. 
Run No.: TC2A Bae * Run No.: TC9A * 18200 
Time : 59.0 min. yo. = 1450 Time +: 59.0 min. he. = 1450 
Se 
Temp. 17.8°C. * 0.875 g/l Temp. : 17.2°C. Cs 0.37% 
L/D Wt. Loss, gus. j L/D Wt. Loss, gs. 3 
0.280 0.00518 "6. 552 6.130 0.00651 
1.738 0.4891 0.00435 1.0 0.267 0.00530 
2.68 0.7860 0.00450 2.29 0.391 0.00471 
3.19 0.525 0.00464 
D = 1.90 cm. D = 1.90 cn. 
Run 2 Nre = 29900 Run Nae * 62000 
Time + 60.0 min. = 2920 Time : 60.0 min. Nse = 3000 
Se 
Temp. : 6.6°C. Cy = 0.298 g/l Temp. : 6.2°C. Cg = 0.296 g/l 
L/D Wt. Loss, gms. jj L/D Wt. Loss, gms. Ip 
0.642.  ~ 0.00275 2.75 0.2179 0.00802 
5.9 0.2122 0.00268 5.85 0.4419 0.00276 
9.5 0.3241 0.00262 9.05 0.6798 0.00272 
13.2 0.4721 0.00267 12.4 0.9395 0.00276 
17.05 0.6091 0.00266 15.9 1.2301 0.002782 
20.8 0.7456 0.00268 19.5 1.5079 0.00282 
24.7 0.8866 0.00268 
D += 1.90 cm. D = 1.90 cm. 
Run No.: 1 = 9170 No.: Th = 17400 
Time : 100.0 min. «= 2330 ime ; 60.0 min. «= 2240 
Se Se 
Temp. : 5.6°C. 0.220 g/l Temp. : 5.5°C. = 0.228 g/l 
L/D Wt. Loss, gms. L/D Wt. Loss, gms. Ip 
0.787 0.0288 0. 00295 1.285 0.0512 0.00887 
2.7% 0.0905 0.00365 3.52 0.1275 0.00351 
5.38 0.1627 0.00322 5.81 0.1980 0.00822 
8.46 0.2262 0.00294 8.68 0.282 0.00315 
12.3 0.3302 0.00295 11.7 0.3 0.00313 
15.0 0.4830 


q 
> 
- 
} 
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Run Bo. 1 2 

Tc 154 280 355 220 295 

Tc 16a 970 1570 42 117 82 

tw SA 2400 1250 131 102 ce 

2590 1000 108 82 -- 

TC 14 2790 1550 101 82 -- 

To 4120 1$00 70 59 

Tc 124 $650 1520 61 $0 

To GA 7480 1410 65 53 -- 

Tc ila 8700 1510 67 59 56 

10200 65 58 53 

Tc 10a 12600 1450 ” 

7; 62 53 46 

To 6A 16650 1450 56 51 45 

18200 1450 $5 46 

22700 1350 50 47 

To 2A 35800 1450 4a 45 aA 

~~ ACT 5.23 co, 

Te 1140 980 146 109 67 

TB 204 1230 910 182 108 77 

Te 194 1630 910 120 90 57 

TB 16a 2080 940 120 92 60 

TB 18a 2620 950 104 78 $2 

™ 7A 2820 960 104 77 57 

4A 2420 900 87 68 50 

TB 10a 4150 950 ™% 65 55 

™ $a $110 900 78 58 47 

TB lla 960 75 66 57 

2A 7100 950 71 $2 

6A 8600 1000 64 52 

11800 950 60 2 46 

TR LSA 12200 1110 65 57 58 

15500 1050 70 62 63 

TB 16100 1110 58 $2 

TB 13a 20700 1100 52 47 46 

™ 22200 1000 oy 45 52 

TT 9A 26200 1060 57 54 58 

TB L2A 26500 1090 $1 46 45 

TB 22a 38400 1260 43 45 46 

Tc 178 910 2520 129 98 67 
Tc 168 1220 2700 9 69 
TC 208 2. 2830 a2 78 75 
TC 21B 3420 2980 78 70 68 
Tc 223 5160 2950 2 53 56 
Tc 6720 8050 47 45 
Te 2 9360 3110 56 53 51 
TC 263 11200 2550 29 46 35 
TC 13950 2880 40 40 
Te 2 15100 2850 27 37 37 
TC 353 18000 2750 35 33 32 
TC 288 21300 2880 20 20 20 
TC 248 23000 3200 21 29 20 
TC 298 29900 2920 23 2 26 
TC 338 31300 3280 29 29 29 
TC 268 40300 32 29 28 23 
TC SOB $0000 2880 a5 32 21 
TC S1B 62000 2000 29 28 28 
Tc 65290 2080 2 27 
TC 22 68400 2160 28 27 26 

T SB 1400 2170 112 87 65 
T™ 6B 1940 2170 75 60 48 
Th 7B 2820 2310 69 63 57 
4480 1740 2 41 
™ 9B 6480 2180 338 35 2% 
TN 10B 9170 2830 35 2 2 
™ OB 11700 2110 23 21 30 
T™ 118 13600 2070 % 2 Zz 
T™ 123 17400 2 26 2 20 
™ 2 22600 2290 29 32 2 
™ 6 82100 2440 26 2 28 
™ 138 46700 2460 22 26 24 

TB 423 920 2100 152 11? 80 
TB 280 2120 87 63 
TR 448 1750 2220 90 6 50 
TB 453 2450 2260 a9 71 60 
TB 463 3580 2250 81 
TB 478 4920 2240 95 106 110 
TB 6880 2290 28 129 142 
TB 248 8310 2230 121 122 122 
TB 408 9900 2240 112 116 117 
TB SSB 12000 2250 88 2 
TB 14000 2420 a8 79 
TB 498 14500 3320 105 106 98 
TB 22 16400 2160 115 115 115 
TB 248 17700 1970 as 77 78 
TB 252 19000 1850 118 110 109 
TB 265 78400 2300 90 81 
TB 27 34100 2270 85 7 70 
TB ? 900 1870 78 
TB 46200 23850 69 
TB S98 64500 2420 80 06 es 


possible explanation has been suggested 
by Lin (16), who points out that by 
analogy to the observed boundary-layer 
oscillation resulting from free stream 
turbulence one would expect disturb- 
ances in the transition zone between tur 
bulent and laminar layers to propagate 
sidewise into the laminar layer. The 
resulting motion normal to the pipe wall 
would be expected to increase mass 
transfer in this region. For Nx, 1000 
the momentum diffusivity (~/p) is 1000 
times the mass diffusivity (1,), and 
mass transfer might be expected to be 
1000 times as sensitive to disturbances 
At the other end of the scale, for N«, 
less than 1, momentum transfer should 
be the more sensitive, and analogies to 
iriction should predict high values of 
k, (this effect is indicated by the results 
of Martinelli for heat transfer at very 
low values of the Prandtl group). In 
effect, Lin suggests that the laminar 
film behaves slightly turbulent 

If this suggestion is sound, the data 
should fall high, as they do on Figure 4. 
In another sense it may be said that the 
Sherwood analogy or its equivalent is 
sound but that the effective D, is in 
creased, and that NV 4, is really smaller 
than calculated from molecular diffusiv- 
ities. Pending further development of 
this concept, the Chilton-Colburn anal- 
ogy may be taken as providing a good 
correlation of the existing experimental 
data over a wide range of values of Ng, 


Solution of Flat Plates. Data on solu 
tion of flat cast plates of benzoic and 
cinnamic acids are shown in Figure 5 
Since the thin plates used had a width 
equal to the diameter of the 5.23-cm 
test section, the results cannot be taken 
as representative of transfer from a 
plane surface to a large body of water 
For this reason they have only semi 
quantitative value. It may be noted that 
the points fall 20 to 100 per cent above 
the Chilton-Colburn line, agreeing bet 
ter at low values of V»p,. Since Ng was 
1000 or more, slight changes of the 4 
exponent on Ng. in jp, would make the 
agreement better or much worse. and it 
is perhaps remarkable that the data 
check the Chilton-Colburn line as well 
as they do 

As in the case of the tubes, the points 
for benzoic acid are high. It is signifi 
cant that the three benzoic acid points 
which fall in with those for cinnamic 
acid are for tests in which the plates 
had been sanded smooth after casting 


Single Cylinders. Figure 6 shows the 
data obtained on the solution of cast 
cylinders of benzoic and cinnamic acids 
The cinnamic acid data fall slightly be 
low the Chilton-Colburn line; the ben- 
zoe acid data again are higher, check 
ing closely the recent experimental data 
of Maisel and Sherwood on vaporiza- 
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tion of liquids from wet cylinders placed 
in turbulent streams of air and other 
gases. Since \ was similar for both 
solutes, no change in the 44 exponent 
can bring the two sets of data together. 
Even with this discrepancy, the new 
data check the Chilton-Colburn line as 
well as do the experimental data on 
vaporization. 


Spheres. Figure 7 shows the data on 
benzoic acid spheres, which are seen to 
check with the recent data of 
Maisel and Sherwood on vaporization 
from single wet spheres in air. This 
is similar to the agreement noted for 
cylinders. The solid line represents the 
general Wil 
liams (22) from a study of the large 
amount of data in the literature on va- 
porization from drops and wet spheres. 
Somewhat better agreement of the data 
with Williams’ line would be obtained 
if the velocity of the water at the axis 
of the test section were used in place 
of the average velocity in the test con- 
duit in which the spheres were placed. 

Points shown at the upper left were 
reported by McCune and Wilhelm (78) 
for the solution of beta-naphthol pellets 
resting On a wire screen. 


well 


correlation obtained by 
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Notation 
r concentration of exit stream, 
g./cu.cm. 
¢, = concentration of inlet stream, 


g./cu.cm, 
concentration 
g./cu.cm. 
( specific heat, g.cal 


at saturation 


(g.)¢° 
diameter, cm 
dD, molecular 


diffusivity, sq.cm 


sec 

e surface roughness, cm. 
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G mass velocity, g./(sec.) (sq. 
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TRANSFER INSIDE TUBES STREAMLINE FLOV ROMS. mole/(sec.) (sq. cm.) (g. 
mole ) /(cu.cm.) 
vt. 1073, 10*e/e, L = length, 


Cu. 
Reynolds number, 


DVp 


or 


LVp 


Schmidt group, »/pD, 
= velocity, cm./sec. 
flow rate, g./sec. 
distance in direction of flow, 
cm. 
distance from wall, cm. 
= density, g./cu.cm. 
viscosity, g./(sec.) (cm.) 
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eNEWS SECTION ° 


MOBILE LABORATORY IN 
PENNSYLVANIA 


A new air pollution and industrial hy- 
giene mobile laboratory has been placed 
in service by Pennsylvania's Bureau of 
Industrial Hygiene. The mobile labora- 
tory will be used by the Pennsylvania 
Health Department's new air pollution 
division to investigate smog conditions 
and other atmospheric contamination 
throughout the state's industrial areas. 

Designed and supplied to the state by 
Mine Safety Appliances Co., Pittsburgh, 
the laboratory is equipped with more 
than 25 scientific devices for field 
sampling and quantitative and qualitative 
analyses of atmosphere in industrial 
communities and factories. 

One of the laboratory's principal de- 
vices is an electrostatic sampler for the 
detection of all types of particulates, in- 
cluding dust, fumes and smoke resulting 
from many industrial processes. Oper- 
ating on the principle of electrical pre- 
cipitation, this sampler has a portable 
head which contains an ionizing elec- 
trode, a collecting tube and motor- 
blower assembly that provides for a flow 
of 3 cu.it./min. Particles present in the 
incoming air are charged by the elec- 
trons and are deposited on the collecting 
tube. Determinations then can be made 
by weight without removing the sample 
from the tube, or further tests can be 
undertaken by extracting the samples. 
The laboratory is in a closed route van- 
type body with specially designed built- 
in work benches, cabinets, racks, and 
storage compartments. 

According to Governor Duff the lab- 
oratory will play an important part in 
the state’s effort to keep the atmosphere 
in industrial committees free from haz- 
ardous or annoying fumes, dusts and 
RAses. 


MONSANTO TO UP 
PHOSPHORUS OUTPUT 


Plans to construct a sixth electric 
furnace at the Monsanto (Tenn.) plant 
of the Monsanto Chemical Co. for the 
production of elemental phosphorus 
were announced in April. 

The new furnace, which will have a 
capacity of 25.000 kw., will be the larg- 
est phosphorus furnace in the world and 
one of the largest electric furnaces ever 


built. 
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J. L. Christian of St. Louis, general 
manager of Monsanto's phosphate divi- 
sion, stated that the new furnace is be- 
ing constructed “to bring about a sizable 
increase in the production of phos- 
phorus.” The fifth furnace was com- 
pleted at this location in October, 1948. 
The new furnace is expected to be com- 
pleted during January, 1951. 

Additional expansion of the phosphate 
division's plant at Trenton, Mich., also 
was announced. The facilities there for 
the production of sodium and ammonium 
phosphates will be expanded. Facilities 
at the division’s Carondelet ( Mo.) plant 
for the production of calcium phosphates 
also will be enlarged. 


SYNTHETIC BENZENE 
FOR PAN AMERICAN 


Successful commercial production of 
synthetic benzene from petroleum at 
Pan American's Texas City refinery. 
was revealed last month as a product of 
company's chemical division, by L. W. 
Moore, president of Pan American Re- 
fining Corp., and F. J. Smith, manager 


of Pan American chemicals division. 

The first trial run on plant equipment 
took place in April, 1949, and full com- 
mercial production started in December. 
Mr. Moore emphasized that the benzene 
is a synthetic material and is not ob- 
tained by recovery from normal refinery 
streams. It is made by the dehydrogen- 
ation of cyclohexane and the isomeriza- 
tion and dehydrogenation of methyl cy- 
clopentane. Existing facilities at the 
Texas City plant are estimated to be 
capable of the manufacture of between 
three and five million gallons of benzene 
a year. 

Benzene is in short supply at present, 
owing to coke plant shutdowns and ex- 
panding markets. The successful com- 
mercial synthesis by Pan American pro- 
vides a new source of supply. 


GOODYEAR TO EXPAND 
VINYL OUTPUT 


An expansion program to quadruple 
the output of vinyl resins for the plastics 
industry, was announced by The Good- 
year Tire & Rubber Co. 


MOBILE LABORATORY JUST PLACED IN SERVICE 


Pennsylvania’s mobile laboratory contains all types of instruments to collect, 
detect and identify air contaminants, explosive gases and other hazards. Shown 
here as the laboratory was turned over to the state during a presentation cerem om 
at the capitol in Harrisburg are Avg to right) Pennsylvania's Governor James 


Duff; 
Department 
Director Dr. Joseph 


's President George H. Deike, Sr.; State Health 
Norris W. Vaux, and State Industrial Hygiene Bureau 
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P. W. Litchfield, Goodyear chairman 
of the board, said the expansion will be 
made at the company’s chemical division 


subsidiary, the Pathfinder Chemical 
Corp. at Niagara Falls, N. Y., at a cost 
of $2,250,000 

Potential production figures were not 
released. The expanded program will 
make the Goodyear organization one of 
the leading producers of vinyl resins 


A.E.C. AIR FILTER 
FOR INDUSTRY 


A new paper-like filter material de- 
signed for filtering fine radioactive par- 
ticles from contaminated gaseous wastes 
has been developed for the Atomic En- 
ergy Commission and may have gen- 
eral commercial or industrial use in fil- 
tering smokestack gases according to the 
developing group, Arthur D. Little, Inc 


The new material contains treated 
paper-making fibers in combination 
with finely divided mineral asbestos 
fibers. The material is made in soft, 


flexible sheets which can be pleated and 
formed into shapes to fit filtering units 
of large capacity. 

AEC facilities using cooling or ventil 
ating air which might become contamin- 
ated with radioactive particles take ex- 
treme care to eliminate such particles 
before the air 
atmosphere 


is discharged into the 
Air filters developed and 
used by the Chemical Warfare Service 
for protection against gas warfare have 
proved satisfactory, and for some years 
the Army has been supplying AEC with 
filter units, With the expansion of the 
atomic energy program, however, the 
demand for filters has grown rapidly. In 
order to develop alternate sources of 
supply and possibly to reduce filter costs, 
the AEC initiated a program for filter 
research and development. 

The material was developed by Arthur 
D. Little, Inc. under contract with 
AEC, 

The filter units consist of deep, closely 
spaced pleats of filter paper fitted into 
wooden frames. The pleats are spaced 
and kept in line by deformed separators 
of ordinary paper which hold them in 
place and permit easy passage of the 
air to be filtered. The paper pleats and 
separators anchored wooden 
frames The 
frames are in turn glued and screwed 
at all corner joints to produce a per 
fectly tight assembly. Gaskets of soft 
rubber cemented around the 
edges of the frames prevent air leaks 
when the frames are clamped into place 


are mito 


with plastic adhesives 


sponge 


INSTRUMENT COURSE 
OF FISCHER & PORTER 


The third quarterly instrumentation 
course for 1950 at the Hatboro ( Pa.) 
plant of the Fischer & Porter Co. will 
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begin on July 10. 

Manufacture, calibration, installation, 
operation and maintenance of flow (var- 
iable-area and orifice), liquid level, spe- 


cific gravity and viscosity instruments 
will be covered, according to the com- 
pany. 


MATHIESON HYDRO- 
CARBON CORP. FORMED 


Thomas S. Nichols, president of 
Mathieson Chemical Corp., Baltimore, 
Md., revealed last month that plans for 
the organization of Mathieson Hydro- 
carbon Chemical Corp., were completed. 

The new company, a $27,000,000 joint 
venture of Mathieson Chemical Corp. 
and the shareholders of Tennessee Gas 
Transmission Co., will produce chem- 
icals from natural gas transported by 
Tennessee over its pipeline network 
from Texas and Louisiana fields to the 
northern and eastern markets. 

More than 2,000 acres of land have 
been acquired by the new company near 
Brandenburg, Ky., southwest of Louis- 
ville on the Ohio River, and chemical 
units costing $17,000,000 to be con- 
structed at that point will be completed 
at the end of 1951. The company will 
also build a $6,000,000 plant for the pro- 
duction of raw material components at 
another location. 

Mr. Gardiner Symonds, president of 
Tennessee Gas Transmission Co., said 
his company was building a $12,000,000 
stripping plant near Greensburg, Ky., to 
separate hydrocarbons from natural gas. 
A pipeline will be constructed to bring 
them to the new hydrocarbon chemical 
plants. 

A major portion of the initial output 
of the new company has already been 
contracted for, according to this an- 
nouncement. 

In commenting on the new company, 
Mr. Nichols said: 


This development marks the entry 
of Mathieson Chemical Corporation 
into the important and growing field 
of petrochemicals. 

The decision to build the plant on 
Tennessee's pipeline in Kentucky 
assures the company of a large vol- 
ume of low-cost raw materials for 
a long term, and at a point close to 
the principal markets for the chem- 
icals it will produce. 


Officers of the new company have 
been elected as follows: Thomas 5S 
Nichols, president (president of Mathie- 
son); John C. Leppart, executive vice- 
president (executive vice-president of 
Mathieson ) ; Russell Hopkinson, admin- 
istrative vice-president ; Carl F. Prutton, 
vice president, operations (vice-presi- 
dent-director of operations, Mathieson ) ; 
S. de]. Osborne, treasurer and secretary 
( vice-president-treasurer, Mathieson). 
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LITTLE A.E.C. TECH- 
NOLOGY WITHHELD 


Technological information uncovered 
in atomic energy research and of poten- 
tial interest to American industry is be- 
ing declassified on a fairly satisfactory 
basis according to the preliminary con- 
clusions of a technological working 
party which has been searching the ab- 
stract file maintained by the Patent 
Branch of the Atomic Energy Commis- 
sion. 

Members of the working party, repre- 
senting technical and engineering so- 
cieties and the business press, were given 
complete security investigation and 
clearance to enable them to enter re- 
stricted areas and to examine restricted 
information files. 

Following its work with the patent 
abstract files, the working party has ex- 
pressed willingness to continue work on 
the AEC’s trial program to make atomic 
energy information more readily avail- 
able to industry. 

To accomplish this the AEC has au- 
thorized an expansion of the scope of 
the test program to include a study of 
the technology of electromagnetic 
separation which has been carried on 
primarily at the Y-12 installation at Oak 
Ridge, Tenn. This is not immediately 
and directly related to the present wea- 
pons operations in the national atomic 
energy program. 

The working party will have an op- 
portunity to evaluate technology devel- 
oped in connection with the electromag- 
netic separation process, with the excep- 
tion of production data bearing on capa- 
cities and enrichments in the process. 

Members of the group will scrutinize 
applicable individual technical reports on 
processing and operations of the Y-12 
plant; inspect the electromagnetic sepa- 
ration plant operations; and examine 
plant technology with the aid of engi- 
neering and technical personnel. 

In searching the patent abstracts 
members of the working party reviewed 
a sample of approximately 800 abstract 
files. On the basis of this examination 
the group concluded : 


1. That the declassification of technolog- 
ical information through the normal 
declassification routine is proceeding 
fairly satisfactorily, but that some 
classified patent applications of indus- 
trial interest should be submitted for 
declassification 
That there appears to be in the fields 
specified for study by the working 
group in the files of the Pate 
Branch, no great store of unclassified 
or clearly declassifiable technological 
information which has not been de-4 
classified and which would be of great 
usefulness to American industry. 
3. That further review of the classified 
files of the Patent Branch by the 
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©@ For many yeais “the only completely 
satisfactory answer to many corrosion and 
¢coutamination problems,” genuine Lapp 
Chemical Porseiain is now available in a 
series of valves completely ar-nored in 
acid-resisting heat-treated silicon alumi- 
num, Choose the Lapp armored porceiain 
valve over expensive alloy or lined vaives 
for greater economy —chemical stability— 
plant and personne! protection against 
carelessness or accident. Standard bolt 
Ranges integral with armor. Y-valves in 
1%", 2”, 3", 4" and sizes; angle valves 
in 1” and 2” sizes; flush vaives in 14", 2° 
and 2° «izes ifor tank caticts 3°, 4” and 
5”). Write for descriptive literature and 
specifications. Lapp 

filator Co., Inc., Prec 

Equipment Divi- 

sion, 252 Maple St., 

LeRoy, N. 


PORCELAIN 
VALVES 


FLUSH VALVE 
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B. F. GOODRICH’S RESEARCH LABORATORY AT AVON LAKE 


Architect's drawing of the new applied research laboratory to be built at Avon 
. 


Lake, Ohio, for the B 


Goodrich Chemical Co. The new laboratory will be the 


third unit in the company’s multimillion dollar installation near Cleveland. A 
general chemicals plant and a semiworks plant have been completed and are in 


operation. 
The new one-story 


will cover 17,500 sq. 


ft. and will have separate 


building 
materials and processing laboratories, a compounding room, Banbury mixing room, 
controlled temperature testroom, offices and conference rooms. The technical staff 
will have an efficient testing apparatus for conducting general evaluation studies on 
thousands of products and materials, and other facilities with which to carry out 
the task of developing processing techniques, and offering to customers technical 
problems. 


assistance on their 


CORNING GLASS BUILDS 
NEW PILOT PLANT 


Construction has started in Corning, 
N. Y., on a new pilot plant for Corning 
Glass Works, it was announced recently 
by The H. K. Ferguson Co., industrial 
engineers and builders. Of steel-frame 
and brick construction, the two-story 
plant will contain 51,000 sq.ft. and will 
be three times as large as the pilot plant 
which the company put into operation in 
1946. The 1946 pilot plant will continue 
to work on jiaboratory and experimental 
projects. 

The pilot plant will be used to de- 
manufacturing processes from 
Initial efforts will be 
concentrated on improving television 
bulbs, the glass enclosures for television 
tubes 

The new structure will be a complete 
manufacturing unit designed to test ex 


ek 


basic findings 


perimental production methods on a fac- 
A 6)-ton glass melting tank 
will be housed in a separate structure at 
the rear of the plant 


tory scale 


NEW ENGLAND IND. 
WASTE CONFERENCE 


A three-day New England Industrial 
Wastes Conference to be held June 26- 
28, will be a feature of the 1950 Summer 
Session at the Massachusetts Institute of 
Technology. The MIT department of 
civil and sanitary engineering will be 
joined in sponsoring the event by the 
New England Council and the New 
England Sewage Works Association. 

Prof. Walter H director of 
MIT Summer the 
conference as part of a broad series of 


Gale 


Session described 


Page 14 


summer activities scheduled during 1950 
to make the Institute's special facilities 
available to those in industry and tech- 
nology cannot participate in its 
regular program. In addition to general 
discussions of pollution abatement from 
the viewpoints of industry, control agen- 
cies and municipalities, there will be 
symposia on water and waste problems 
of specific New England industries, in 
cluding pulp and paper. 


who 


FILM CHEMISTRY AWARD 
AT SPEED SCIENTIFIC 


The chemical engineering department 
of the Speed Scientific School of the 
University of Louisville has announced 
an award of $1,500 to continue the Fed- 
eration of Paint and Varnish Production 
Clubs’ Fellowship in an investigation of 
“The Chemistry of Film Formation, 
Film Properties, and Film Deteriora- 
tion.” This research is an international 
undertaking sponsored by the Federation 
and carried on a cooperative basis by 
interested groups around the world 

The entire project is under the gen- 
eral supervision of Dr. W. O. Lundberg, 
who is charged with correlation of the 
various groups. The project at the 
Speed Scientific School is under the 
supervision of Dr. Gordon C, Williams, 
head of the chemical engineering depart- 
ment, 

The chemical engineering department 
of the University of Louisville has been 
studying three phases of the project: the 
change in chemical composition of the 
aging film, the change in polymerization 
of the aging films, and the adsorptive 
properties of the polymeric residues of 
solvent extracted films. 
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DEADLINE ENGINEERING 
SURVEY EXTENDED 


The closing date of the nationwide 
survey of selected engineering personnel! 
sponsored by the Engineers Joint Coun- 
cil for the U. S. office of Naval Re- 
search, has been advanced to July 15, 
1950. The originally scheduled closing 
date was March 15. Up to date, how- 
ever, only two-thirds of the 115,000 
questionnaires which were sent out, have 
been returned by the engineers. The 
survey is intended to serve as a file of 
key engineers working in research, de- 
velopment and other scientific projects 
who can be called in on a full- or part- 
time basis to work on the scientific pro- 
grams of the National Military Estab- 
lishment. Even though an engineer may 
not now be engaged in research or de- 
velopment work, his services may be im- 
portant to the country by virtue of his 
special training and professional recog- 
nition granted him by his professional 
society. 

The questionnaires were mailed to 
engineers holding the full professional 
grade of membership in 18 national engi- 
neering societies. Since a third of the 
forms is still missing and especially 
since the omission of so large a segment 
of the engineering profession from the 
proposed file will limit its usefulness, the 
Office of Naval Research has authorized 
the mailing of a third reminder to delin- 
quent engineers. 

The questionnaires are being proc- 
essed by the American Society of Me- 
chanical Engineers, contracting agent 
under an ONR agreement. The survey 
is managed by the EJC committee. 


NATIONAL CONFERENCE 
ON IND. HYDRAULICS 


The sixth annual National Confer- 
ence on Industrial Hydraulics will be 
held Oct. 18-19 at the Sherman Hotel in 
Chicago, it was announced recently by 
conference director Otto J. Maha, presi- 
dent of the Hannifan Corp., Chicago. 

Sponsors of the nonprofit, noncom- 
mercial technical conference are Armour 
Research Foundation of Illinois Insti- 
tute of Technology and the Graduate 
School of the Institute, with the cooper- 
ation of the following technical so- 
cieties: American Society of Civil 
Engineers, American Society of Me- 
chanical Engineers, Society of Automo- 
tive Engineers, Western Society of 
Engineers, American Society of Lubri- 
cating Engineers, American Institute of 
Chemical Engineers, and the Institute of 
Aeronautical Sciences. 

Frank W. Edwards, director of civil 
engineering at Illinois Tech, is confer- 
ence secretary. 

(More Industrial News on page 17) 
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ENGINEERING 


A Experts in many varied 


fields combine to make 


integrated organizatio 
When you employ Badger 
you receive the benefits of 
many separate specialigt 
services combined underja 
single responsibility. 


Badger offers you all th 
skills in one organizatién 
and under one respcasibi 
for the design, enginee 
and construction of any type 
of process plant for the 
petroleum, chemical and 
petro-chemical industries — 
anywhere in the world. 


noblem-Corroded, plugged-up, 


SAFETY HEADS! 


BS&B SAFETY HEADS are the answer to your relief valve prob- 
lem. These precision devices give extra protection to relief valve 
operation. They can be used: (1) Under your existing relief 

valve (2) As secondary relief devices (3) As sole pressure 
relief devices (4) At outlet of certain types of relief valves. 


4. At outlet of certain types of relief valves 


A SAFETY HEAD at the relic! 


Now —New Catalog! FREE ANALYSIS! 


A 
Me 1. Under your existing relief valve 2. As @ secondary relief device 
— 4 under your (| +++ when operation is close to 
the valve the relief valve setting. As a 
ts. Leakage secondary relie! device. the rup- 
‘~ halted until ture disc can be rated much 
; rapture dee higher than the valve setting. 
— For this err lt the valve tails to function or 
use a bleed Ene must be capacity inadequate you are 
when pressure rises to the pre- 
enabling the operator to determined bursting pressure of 
determine if rupture disc is intact > the dice 
3. As pressre rele device 
Bs, This installation is used when 
a it ls not necessary to have a shut- 
off or when materials handled 
are not toxic or flammable. 
: 4, At 
| 
Ws wow being prepared...the sew 
" sales. Gives ager will have a BS4B engineer analyze 
your pressure relief problems and submit ‘ 
Gm... © suggestions to you WITHOUT COST OR 
Rely questions about these amazing satiety OBLIGATION. Mail the coupon on oppo- 
~ ps devices. Reserve your copy now by mail site page or call GRand 6700. Kansas 
ae \ ing the coupon om opposite page! City. Mo. De now! 


BLACK, SIVALLS BRYSON, Sec. 1-025 

720 Deleware. Kansas City. Mo. 

for me copy of the sew SAFETY 


have SAFETY HEAD engineer analyze 


Tithe. 


City _Zene___ State. 


leaky relief valves... 


sure 
qin above operating pressure. Cor. 
tect element resisiant metals are 

> used in fabrication of the rupture 
discs. 
BS6B SAFETY HEADS are rapidly 
becoming standard instalictions on 
to SPECIAL PRODUCTS DIVISION 
failing protection to both property Bleck. Sivalls & Bryson. Inc. 


SAFETY 
HEADS 


TRAINING FOR 
SALES ENGINEERS 


A new training program for sales 
engineers will start June 19 at the 
Evening and Extension Division of The 
City College of New York School of 
Business. Developed in close collabora- 
tion with an advisory board of nine in- 
dustrial leaders, the Salesmanship for 
Engineers program will total 300 hours 
of instruction and will be completed in 
15 weeks of daytime or 25 weeks of 
evening training. 


According to Dr. R. A. Love of the 


| school the program will be open only to 


| portion of the remainder, 60 hours, i 


| course may be obtained by writing to 


men with a technical background. They 
will be given no further engineering in- 
struction but will get practical training 
in selling skills and marketing procedure. 
Classes will be conducted by sales train- 
ing specialists who are conversant with 
engineering. 

One-half of the course will be devoted 
to techniques of salesmanship, includin 
such selling skills as the approach, th 
demonstration, meeting objections, an 
handling the interview. The larges 


given over to practicing speech in sell 
ing. Thirty hours will be spent in 
survey of industrial marketing, while th 
last 60 hours are evenly divided amor 
market analysis, advertising, and mar 
keting problems as they affect the indus 
trial salesman. 

Further information about the ne 


Supervisor of Admissions, City Colle 
Midtown Business Center, 430 We 
50th Street, New York 19, N. Y. 


ROCKEFELLER GIVES 
M.L.T. $1,000, 


A gift of $1,000,000 to the Massach 
setts Institute of Technology by John I 
Rockefeller, Jr., was announced durin 
the month by Marshall B. Dalton, chair 
man of the M.LT. development progran 

Addressing the third meeting of more 
than 200 alumni members of the Na- 
tional Committee on Financing Develop- 
ment, which was established in 1948 to 
“fund M.LT.’s independence” through 
the current $20,000,000 Development 
Program, Mr. Dalton reported that in- 
cluding the Rockefeller gift, the total to 
date is $12,162,309.15 

In making the gift to M.1T., Mr. 
Rockefeller wrote Dr. James R. Killian, 
Jr., president of the Institute, that 
“Without in any way desiring to restrict 
the use of this gift, may I say that the 
part of the development program which 
provides for continuing operating needs 
appeals especially to me in that it is di- 
rected toward the buttressing of the In- 
stitute’s financial stability and independ- 
ence as a private institution.” 
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A typical BS6B SAFETY HEAD 
installation is shown above. The a 
white circle surrounds a 600# Union 
type Salety Head with a Monel 
ing pressure at 150 degrees F (2752 4 
operating pressure) installed on an hed 
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Good Chemical Engineering Tool 


Introduction to i 
. J. M. Smith. Mc- 
Graw-Hill Book Co. New York. 
(1949) 386 pp. $4.00 


Reviewed by Bernard W. Gamson, 
Chief Process Engineer, Great Lakes 
Carbon Corp., Chicago, lil 


ROFESSOR Smith has written an 


introductory text on  thermody- 
namics from a chemical engineering 
viewpoint. It covers an elementary 


treatment of the first and second laws 
of thermodynamics, coupled with sec- 
tions on the thermodynamic behavior of 
fluids, application of thermodynamics to 
problems in the compression and ex 
pansion flow of fluids, re 
frigeration, phase equilibria and chem- 
ical reaction equilibria. 

Treatment of the first law employs 
use of differential symbols for QO and H’ 
for the differential change in internal 
energy. Although the author indicates 
that these are not exact differentials, 
use of such nomenclature is likely to be 
misleading and confusing to the begin 
ner, especially when such usage is ex- 
tended to the second law in the defini- 


processes, 


tion and calculation of entropy. This 
technique of mathematical symbolism 
leaves the reader with the impression 


that his Equation (5-44) which relates 
the differential internal energy in terms 
of pressure, volume, temperature ani 
entropy as being valid for only a re 
versible process 

Although this is an introductory text, 
it would be desirable to include a more 
comprehensive treatment of the thermo 
dynamic properties of gaseous and li 
quid mixtures and single-phase proper- 
ties of liquids in the vicinity of the 
critical point. The section on chemical 
reaction equilibria would be more com 
plete if consideration were given to 
equilibria occurring under electrical 
forces. This is desirable in view of the 
growth of the electrochemical indus- 
tries. 

This 
chemical 


book is well written and for 

engimeering students should 
prove a valuable introduction to the 
study of thermodynamics, especially 
when used as a chemical engineering 
tool. Generalized methods for calculat- 
ing thermodynamic properties of fluids 
are introduced early in the text. It is 
copiously illustrated with numerical ex 
amples, and thermodynamic 


concepts 
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MARGINAL NOTES 


News of Books of Interest to Chemical Engineers 


are explained in words as well as equa- 
tions. To the beginner, this method of 
presentation should be particularly ap- 
pealing. This text will be useful in 
undergraduate courses in chemical en- 
gineering. 


New Improved Edition 


Standards of Tubular Exchanger Manu- 
facturers Association (Second Edi- 
tion). Tubular ae Manufac- 

turers Association, Park Place, 
New York 7, (1949) 90 pp. 


Reviewed by Donald L. Katz, U niver- 
sity of Michigan, Ann Arbor, Mich. 


HIS booklet of TEMA Standards 

was compiled by the technical com- 
mittee of the Association, Thomas H. 
Miley, chairman, and Townsend Tinker, 
editor. It sets forth the recommended 
standards for the mechanical and ther- 
mal design and copstruction of cylin- 
drical shell and bare tube heat ex- 
changers. The second edition is a 
revision and enlargement of the first 
edition published in 1941. 

The Standards are reorganized and 
are coded with a letter and number for 
each paragraph, chart, and table. Most 
sections of the second edition are con- 
siderably expanded from the first 
edition. Much of the enlargement is 
concerned with the mechanical design, 
with the following notable additions: 


a. Standard tolerances for external di- 
mensions, nozzles, tube sheets, baffles, 
covers, and flanges. 

b. Table of baffle or support plate thick- 


nesses 

c. Standards for channels and channel 
covers 

d. Hub flanges for 75- and 600-Ib 
standards im addition to 150, 300, and 
450 Ib 


e. Ring flanges for 75, 150, and 300 Ib 


In the section on thermal standards, 
old graphs have been redrawn to make 
them more readable and new graphs of 
viscosity, thermal conductivity, and 
specific heat are included. Charts giv- 
ing friction factors and heat-transfer 
characteristics for flow across staggered 
tubes with equilateral triangular pitch 
are notable additions. Fouling factors 
are reorganized but otherwise the same 
as in the first edition. 

The second edition is a distinct im- 
provement over the first edition, with 
respect to content and workmanship. 
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Especially for Teachers 


Reviewed by Albert B. Newman, 
Chemical Engineering Department, C ol- 
lege of City of New York. 


HIS book is an assembly of mimeo- 

graphed papers furnished by the 
speakers at the summer session held at 
the University of Wisconsin in 1948. 
All told, there are 41 papers by teachers 
and engineers in industry. Many of 
these papers deserve special comment, 
but this review will mention specifically 
only one paper: the one on the Progress 
in Unit Operations, by Thomas H. 
Chilton. Here, with a splendid bibliog- 
raphy, is assembled concisely the perti- 
nent information about unit operations 
aspects of the atomic bomb and other 
wartime projects, besides the advances 
in the more well-known operations. The 
fact that there are only four papers on 
unit operations points up the fact that 
this field is becoming standardized edu- 
cationally. There are five papers each 
on thermodynamics and chemical reac- 
tion kinetics, indicating increasing edu- 
cational interest in the development of 
these subjects. It is surprising to find 
as many as seven papers on unit proc 
esses, a concept that many chemical 
engineers consider illogical. Laboratory 
instruction comes in for five papers. The 
remaining papers are on report writing, 
electrochemistry, mathematics, instru- 
mentation, the graduate program, 
teacher qualifications and development, 
and plastics technology. 

For anyone in the teaching end of the 
chemical engineering profession, the 
book is indispensable on account of the 
disclosed course outlines and teaching 
methods developed by experience. It 
should also be of value to men in indus- 
try who are trying to keep abreast of 
the broad field while becoming expert 
in a part of it. Students reading the 
book will find where some of their pro- \ 


fessors are getting material not in the * 


textbooks. Anyway you take it, the book 
is a big two dollars’ worth. It weighs 
more than two pounds. 


(Continued on page 22) 
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ae Transactions of the Chemical Engineer- 
ae ing Division. American Society for 
‘a Engineering Education. Third Sum- 
y mer Session for Chemical Engineering 
Teachers (1948). Chemical 
me ing Department, Bucknell University. 
432 pp. $2.00. 
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HERE'S WHAT'S IN IT 


Description of the HASTELLOY Alloys—A 
brief summary of the chemical composition and 
physical properties of the four alloys: A, B, C, 
and D. 


Resistance to tables 
show the resistance of each of the Haste toy 
alloys to 8 common corrosive media. 


Physical and Mechanical Properties— Four 
pages of tables give properties at room temper- 
ature and also at elevated and sub-zero temper- 
atures. Graphs compare the properties of 
Haste.oy alloys with those of other metals. 


Available Forms—Huasretioy alloys can be 
supplied as conventional and precision invest- 
ment castings; hot-rolled bar stock, sheet, and 
plate; wire, tubing, and welding rod; also, pipe 
and fittings. 


Fabricating Procedures—The proper pro- 
cedures for welding, heat-treating, hot-working. 
cold-working, surface preparation, machining, 
and grinding the alloys are given. 


Trode-Mork 


Haynes Stellite Division 
Union Corbide Cates Corporation 


Vol. 46, No. 5 


USE THIS 


Get the latest data 


on 4 ALLOYS 
to combat severe 
corrosion 


Every designer . . . every engineer . . . and 
every fabricator who is faced with the problem of selecting 
a high-strength material that will withstand severe chem- 
ical corrosion should have a copy of this new 40-page 
booklet. It tells the story of the four Hastet.oy alloys— 
what they are, how they are fabricated, and how they 
can be used to combat severe corrosion. 

HasTeLLoy alloys are being used successfully in every 
branch of the chemical and allied industries . ..in the 
production of chemicals, petroleum, textiles, plastics, 
aircraft, and metals. To get the latest data on these ver- 
satile materials of construction, just fill out the 
handy coupon below for your free copy of the booklet, 
High-Strength, Nickel-Base, Corrosion- 
Resistant Alloys.” . 


“HASTELLOY 


The trade-marks “Haynes” and “Hastelloy” distinguish products of 
Union Carbide and Carbon Corporation. 


Haynes Stellite Division, 731 S. Lindsay Street, Kokomo, indione 


Please send me the new edition of your booklet, “HASTELLOY 
High-Strength, Nickel-Bese, Corrosion-Resistant Alloys.” 
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There's no gouge like FLO-GAGE for simplicity, 
economy, and all-around usefulness. Now, this compact rate of flow 
indicator packs another big feature: positive, automatic protection 
against overloads and reverse differentials! 


Other features of the Builders FLO-GAGE: Accurate — easy to read 
~— low cost — requires no mercury or auxiliary power supply — no 
stuffing box — negligible maintenance — simple design — durable 
construction — ideal for water, steam, air or gas lines. For informa- 
tion and descriptive Bulletin, address Builders-Providence, Inc. (Divi- 
sion of Builders Iron Foundry), 419 Harris Ave., Providence 1, R. |. 


— 


with orifices or other differential producers. 


BUILDERS PRODUCTS 
Flow meters and controllers mechonical and differential . for 
liquids, steam. air, and dry materials. The Venturi Meter. Chiorinizers- 
Chlorine Gos Feeders 


BUILDERS>« PROVIDENCE 
ni 


J. ALBERT WOODS HEADS 
COMMERCIAL SOLVENTS 


J. Albert Woods.was recently elected 
president of Commercial Solvents Corp., 
New York, N. Y., at a special meeting 
of the board of directors. For many 
years Mr. Woods has been active in the 
agricultural chemical field, with exper- 
ience in both production and sales. Prior 
to going with Commercial Solvents, Mr. 
Woods was president of Wilson & 
Toomer Fertilizer Co., manufacturers 
of heavy chemicals, fertilizers and in- 
secticides. He was also assocjated with 
the Armour Fertilizer Works, Chilean 
Nitrate Sales Corp., and W. R. Grace 
& Co. 


SMITH HEADS KELLOGG: 


OTHER OFFICERS NAMED 


Warren L. Smith, former senior vice- 
president, has been elected president of 
The M. W. Kellogg Co., New York, 
N. Y. In his new capacity he succeeds 
Harold R. Austin, who is retiring. 

In retiring Mr. Austin leaves an asso- 
ciation formed 47 years ago when he 
joined The M. W. Kellogg Co., as an 
engineer -salesman. 

W. L. Smith, Kellogg’s new president, 
is a chemical engineer who has been 
associated with the company since 1937. 

At the annual meeting of the board of 
directors when these changes were an- 
nounced, the executive staff was en- 
larged and other officers named. 


NAT. FOAM CONSOLI- 
DATES AT WEST CHESTER 


National Foam System, Inc., supplier 
of foam fire-fighting equipment and 
chemicals, recently closed its sales offices 
which it had maintained in the Packard 
Suilding in Philadelphia, Pa., and re- 
located it with all its manufacturing, 
research, and engineering facilities at 
West Chester, Pa. At this location a 
new laboratory has been constructed to 
give increased research facilities, the 
engineering department has been en- 
larged, and entirely new office facilities 
provided. This consolidation, it is be- 
lieved by the company will enable the 
organization to give more efficient 
service. 


MEETING OF NAT. SOC. 
PROFESSIONAL ENGRS. 


The National Society of Professional 
Engineers will hold its annual meeting) 
at the Hotel Statler in Boston, Mass., 
on June 8, 9 and 10, 1950. Sessions are 
open to all engineers and the general 
public. 

(More Industrial News on page 23) 
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project engineering 


look to these Lummus men for worldwide performance 


| The Lummus man | 
ing has a well diversified back- 
ground of practical experience. Directly from a mechanical course 
at college, he entered the petroleum field and acquired his early 
experience with an oil company, either in the Engineering Depart 
ment or in the Operating Department. He joined Lummus approxi- 
mately 15 years ago, where his experience was extended covering all 
phases of engineering from laboratory, through design and planning 
to octval field construction. Keeping abreast of developments, he 
has ined his ding as a licensed professional Engineer. 


In his wide field of project engineering are included many of the 
world’s outstanding refinery installations as well as petroleum chemi- 
cal units. 


The Lummus Project Engineer is “at home” with operations in for- 
eign fields. He has a broad knowledge of the unique problems en- 
countered in Europe, the Near East, india, the Orient, Latin America, 
and Canada, as well as in the U. S. A. Project Construction in iso- 
lated locations presents unusual difficulties in connection with prob- 
lems of water supply, woter disposal, housing facilities, personnel, 
etc., problems which the Lummus Engineer has handled successfully. 


Vol. 46, No. 5 


Your Project at Lummus will receive the attention of those Engineers 
whose experience will best fulfill your specific needs. Frequent requests 


THE LUMMUS COMPANY 
385 Madison Avenve, New York 17, N. Y. 
CHICAGO 600 South Michigan Avenue Chicage 5, Ill 
HOUSTON — Mellie Esperson Bidg Houston 2. Texos 
The Lummus Company, 525 Oxford London, W-1, Englend 
Societe Francoise des Techniques Lummus : 
39 Rue Cambon, Poris ter, France 
Compenio Anonime Venerolone Lummus — Edificio Les Grodilios 
Esquine Las Gredilies, Carecas, Venervele 
Fe CHEMICAL ENGINEERING PROGRESS Page 21 


MARGINAL NOTES 
(Continued from page 18) 


Admirable Perry 


se Engineers’ Handbook. John 
Editor and Coauthor. 


CPhied Edition.) McGraw-Hill Book 
Co. New York. 
$15.00. 


(1950) 1942 pp. 


HE new third edition of the Chem- 

ical Engineers’ Handbook is now 
published. Through the first edition of 
1934 and the second edition of 1941, this 
handbook has become a standard refer- 
ence book in the chemical engineering 
profession, and also a standard text in 
some 125 colleges and universities. 

The most noticeable change in this 
edition is the new format. The appre- 
ciably larger page size, 744 = 10 in. (the 
second edition page size was 444 x 7 
in.) has permitted the use of larger 
graphs and other illustrations. All illus 
trations have been newly. prepared for 
this edition with increased legibility. The 
page format is double column which in- 
creases readability. 

It is obviously impossible to review 
in detail each of the 30 sections of this 
handbook without exceeding the space 
However, the Editor's 
preface states that: 


available here. 


The following sections have been thor 
oughly revised: Flow of Fluids; Heat 
Transmission; Solvent Extraction; Mix 
ing; Adsorption; Physical and Chemical 
Data; Physical and Chemical Principles; 
Mathematics; Mathematical Tables and 
Weights and Measures; Humiditcation 
Dehumidification, Spray Ponds, and Cool- 
ing Towers; Fuels; Electrochemistry; Re 
trigeration; Electricity and Electrical 
Engineering; Materials of Construction; 
Mechanical Separations; Safety and Fire 
Protection, and Accounting and Cost Find 
ng 

The following sections 
written and expanded 
Power Generation; Gas Absorption ; Distil 
lation; Plant Location, Drying ; Movement 
and Storage of Materials; Process Control ; 
and High Pressure Technique. In addition 
the following chapters have been rewritten 
and expanded: Low-Temperature Refrig 
eration and = Processes; Miscellaneous 
Methuals of Mechanical Separations; and 
Sublimation 

The following sections have been deleted 
m the present edition in order to use the 
space tor material believed to be of greater 
value in this handbook Reports and Report 
Writing and the section formerly devoted 
to Indicators, Qualitative Analysis, and 
Orgame Chemstry. The material on Indi 
cators, howeve,, is retained in another sec 
thom after proper revision 


have been re 
Size Reduction; 


The section on General Theory of 
Diffusional Operations is an able presen 
tation of the theory of these operations 
and is placed immediately before the 
major separate sections on Distillation, 
Gas Absorption, and Solvent Extraction, 
all of which contain the special theory 
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applicable to each of these unit opera- 
tions. At the same time, the general 
theory is given in each of these unit- 
operations sections so that it is not neces- 
sary to turn to the General Theory sec- 
tion for, say, a problem in Distillation. 

The new section on Furnaces and 
Kilns, prepared by four chemical engi- 
neers of different types of experiences 
appears to be a good introduction, and 
more, on a subject which has not too 
extensive a literature. Adequate refer- 
ences to the best publications on these 
subjects should be particularly satisiy- 
ing. 

Size enlargement is treated, and is the 
more valuable since this is a growing 
art and size reduction has long over- 
shadowed size enlargement. 

The section on Distillation has added 
chapters on such important subdivisions 
as: azeotropic, multicomponent, and ex- 
tractive types of distillation operations. 
Also, there is an excellent chapter on 
the increasingly important operation of 
molecular distillation. 

Dialysis is treated for the first time in 
this handbook and while the space de- 
voted to it is relatively small, it is prob- 
ably adequate in view of the present 
development and use of this operation 

Finally, mention must be of the Index. 
The number of entries is far larger than 
im previous editions and the use of 
synonyms and equivalents will erase the 
usual gripes, or many of the gripes, 
about inadequate indexes, that are most 
often heard about technical books and 
about handbooks, encyclopedias, and the 
like particularly. 

The cost of the edition has been in- 
creased from $12 to $15, but a classroom 
text is available at a reduced price. Even 
with the increased cost this handbook 
represents a great deal of book. 


Cineole to Dextrose 


Encyclopedia of Chemical 
Volume 4. Editors Raymond \ 
Kirk and Donald F. Othmer. The 
Interscience Encyclopedia, Inc., New 
York, N. Y. (1949) 969 pp. $20.00 a 
volume. 


Reviewed by F. J. Van Antwerpen, 
Editor, Chemical Engineering Progress 


HE fourth volume of the Encyclo- 

pedia of Chemical Technology has 
now been off the press some few months. 
An evaluation of its contents, which 
goes from Cineole to Dextrose reveals 
that it has the same high quality as its 
predecessors. 

There is an excellent section on data 
correlation and a long section on cor- 
rosion, Other subjects covered in exten- 
sive detail are—Citric acid, Clays, Coal, 
Industrial Coatings, Colloids, Color 
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Measurement, Conveying, etc. It is the 
Conveying Section which points up a 
fact about the volumes that this reviewer 
had not noticed before, that is, engineer- 
ing technology is coming in for a great 
deal of attention in these volumes. Most 
of the previous volumes have dealt with 
the chemistry and process flow of various 
industries. The treatment given to Con- 
veying indicates that the engineering 
amd unit operations of the chemical field 
are gomg to get thorough treatment 
This indicates a rather important addi- 
tion to the literature of chemical engi 
neering unit operations. The number of 
proposed volumes in the series has been 
increased from 10 to 12. 


Big Undertaking Carries On 


Electronic Master Index, 
1947-1948. tronics Research Pub- 
lishing Co., Inc., New York 13, N. Y. 
John F. Rider, Editor. 339 pp. + 

xiii, $19.50. 


HIS is a subject index to the con- 

tents of electronic and allied engi- 
neering publications printed throughout 
the world. The titles of all articles ap- 
pearing in foreign-language magazines 
have been translated into English. It 
contains more than 18,000 new entries. 
Two entirely new sources for reference 
have been included in the present vol- 
ume, the 5,500 electronic and allied 
patents issued by the U. S. Patent Office 
during 1947-48, and the declassified 
documents published by the U. S., 
British, and Canadian governments. 
Patents are listed in numerical sequence 
under subject headings. 


Books Recently Published 


V.LV. Jubilee 1928-1948. Vlaamse In- 
ieursvereniging, Torengebouw 
III, Schoenmarkt 31, Antwerp. 375 
. including 52 studies in Dutch, 
or English languages 
350 figures. Contains papers present 
at the First International Congress for 
Harbour Engineering which took 
ee in Antwerp, June 16-19, 1949. 
ice 500 Belgian Fr 


o ic Syntheses, Vol. 29. Cliff S. 

amilton, editor in chief. John Wiley 

& Sons, Inc., 440 Fourth Ave., New 
York 16, N. ¥. (1949) 119 pp. $2.50. 


Proceedings of Annual Meeting 1949. 
Published by Engineering College Re- 
search Council (A.8.E.E.) at Col- 
lege of Engineering, State University 
of Iowa, Iowa City, lowa. ne 
held June, 1949, Rensselaer oby- 
technic Institute, Troy, N. Y. Jona 
Mattill, Editor. pp. $2.00. 
addition to an unusual group of papers 
on engineering instrumentation 
Proceedings includes other papers 
dealing with the nation’s engineering 
research problems. 

(More Marginal Notes on page 25) 
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CHEMISTS HONOR KRAUS 


At a general assembly of the ACS 
held in connection with the society's | 
117th national meeting, Prof. Charles A. 
Kraus was awarded the Priestley Medal 
fer his services to chemistry. The 
Brown University scientist, who is a di- 
rector and former president of the so- | 
ciety, will receive the medal at the so- | 
ciety’s fall meeting in Chicago. 

Although he retired from the Brown | 
faculty in 1946 he has continued his | 
work in the university's Metcalf Re- | 
search Laboratory. During World War 
II Dr. Kraus assisted in the purification | 
of uranium salts for the atomic bomb | 
project, and he also developed oxygen 
rebreather equipment for Navy aircraft, 
for which he received in 1948 the Navy 
Distinguished Public Service Award. 

Professor Kraus is the recipient of | 
many medals and honors. among them | 
the Willard Gibbs Medal of the ACS 
Chicago section for his research on the 
theory of solutions, and the Theodore 
William Richards Medal of the society's 
Northeastern section for his work in this 
field ; also the William H. Nichols Medal 
of the ACS New York section and 
the Franklin Medal of the Franklin 
Institute, Philadelphia. 


DU PONT’S FILM DIVISION 


The Du Pont Company recently 
created a new department for research, 
production and sales for all products | 
currently handled by the Cellophane di- 
vision of the company’s Rayon depart- | 
ment. The new organization, to be | 
known as the Film Department, will | 
have as its general manager Donald F. 
Carpenter, former chairman of the 
National Munitions Board and long-time RTICAL CHEMICAL PUMPS 
Du Pont employee. 

The step, which became effective Difficult chemical pumping problems— handling hot concentrated 
April 1, was taken because the business . . . 

ol the Callaghane Givicion tas eigendill acids, corrosive alkalies, molten salts, molten sulphur, volatile semi- 
since the war. fluids, etc.— have been a LAWRENCE specialty for over 80 yeors. 
oLoesar To meet the demands of this rigorous service, LAWRENCE Vertical 

yo Chemical Pumps cre made of metals or alloys carefully chosen to 

give the best protection against the corrosive and abrasive action 

The National Research Council Con- Pi 
ference om Nuclear Glossary has pub- of the liquid pumped, os well as structural strength and long wear. 
lished two sections of a Glossary on Other design feotures (depending on the circumstances) include 
Nuclear Science and Technology: the 
5th Section on Chemical Engineering, liquid seals for high vacuum, the elimination of packing, mounting 


and the 6th Section on Biophysics and bearings above the level of the liquid pumped to prevent contact, 
Radiobiology. Both are available at a ond many more refinements thot contribute vitally to efficient, 


price of 60 cents each, from either the 7 

National Research Council, Washington, trouble-free operation. 

D. C., or the American Society of Me- If you have a particularly difficult chemical 
chanical Engineers, 29 West 39th St, ine probi it tinent detail 
New York 18, N. Y., who are printing Sti wothe 


the Glossary for the NRC. 
The section on Chemical Engineering 


contains only eight pages of actual L A 
terms of glossary and 20 pages of alpha- | 

betical arrangement of terms which re- MACHINE & PUMP CORPORATION 
fer to other sections yet to be published. 375 MARKET STREET, LAWRENCE, MASS. 
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iy 
(Below) Vertical Chemical Pump 
mounted inside of tonk. 


SECRETARY’S PAGE 


HE Executive Committee met at the 

Office of the Institute on April 6 
and after taking care of the routine mat- 
ters assigned to it by Council proceeded 
with a many problems 
which received further attention at the 
Council meeting the following day. 

The Council met on April 7, 1950, in 
Room The Chemists’ Club, in New 
York City, Of the 17 members of Coun- 
cil, 14 were present. After approving 
Minutes and receiving recommendations 
of the Executive Committee regarding 
action on routine matters the Council 
proceeded to the business of the meeting. 

One important item was discussed at 
some length, namely, the activities of the 
Committee of Engineers Joint Council 
on National Water Policy. This com- 
mittee is making a thorough study of 
the situation regarding water as a 
natural resource and has been requested 
to work with the President's 


discussion of 


ck wely 


S. L. TYLER 


Water Resources Policy Commission. 
Council voted to appropriate approxi- 
mately $250, which represents the Insti- 
tute’s share of the expected additional 
expense of this Committee. 

\ special committee of Council which 
studies committee reports and is referred 
to as the Committee on Committees pre- 
sented a complete report which empha- 
sized the and 
ments of the committee chairmen. 

Upon recommendation of the Student 
Chapters Committee, J. S. Walton, 
Chairman, the formation of a student 
chapter at Pennsylvania State College 
was approved 

The attention of Council was called 
to the General Discussion on Heat 
Transmission which will be held in 
London, September, 1951; an invitation 
to participate had been received. Thomas 
B. Drew was appointed as our repre- 
sentative to keep in touch with develop- 


recommendations com- 


ments on this Conference and report to 
Council. 

The Auditor's Report for 1949 was 
received and approved and it was or- 
dered that a summary be published at 
an early date. 

Several other matters were discussed 
by the Council but no final action was 
taken so the report on these will be 
given later. 

J. Van Antwerpen, editor and 
business manager of Chemical Engi- 
neering Progress, a novel 
note into the meeting with his presenta- 
tion of the report on the publication of 
Chemical Engineering Progress since its 
debut in 1947. The report was accom- 
panied by slides which showed the course 
of progress over the three and 
supplied other data which brought mem- 
bers of the Council up to date on this 
vital aspect of A.I.Ch.E. activity. 


introduced 


years 


CANDIDATES FOR MEMBERSHIP IN A.1.Ch.E. 


The following is a list of candidates 
for the designated grades of member- 
ship in A.L.Ch.E. recommended for elec- 
tion by the Committee on Admissions. 

These names are listed in accordance 
with Article III], Section 7, of the Con- 
stitution of A.L.Ch.E. which states 


Election to membership shall be by vote of 
the Council upon recommendation of the Com 


APPLICATIONS FOR 
ACTIVE MEMBERSHIP 


George 
Plainfield, N. J 
Clark 
burgh, Pa. 


mittee on Admissions. The names of al) appli- 
cants who have been approved as candidates by 
the Committee on Admissions, other than those 
of applicants for Student membership, shall be 
lxted im an official publication of the Institute 
If ne objection is received in writing by the 
Secretary within thirty days after the mailing 
date of the publication, they may be declared 
elected by vote of Council. If an objection to the 
election of any candidate is received by the 
Secretart within the period «peeified, said ob- 
jection shall be referred te the Committee on 
Admissions. which shall investigate the cause 
for such objection, holding all communications 


P. Ferrigni, No. 


Fogle, Pitts- 


Horace E. Luntz, Ponca 


in confidence, and make recommendations to the 
Council regarding the candidate 


Objections to the election of any of 
these candidates from Active Members 
will receive careful consideration if re- 
ceived before June 15, 1950, at the Office 
of the Secretary, American Institute of 
Chemical Engineers, 120 East 41st St., 
New York 17, N. Y. 


Walton, Paulsboro, 
A. Roland Worrall, Balti- 


more, Md. 


Aitkens, Hoquiam, 
W. Angell, Belmont, 
Kenneth D. Ashley, Stam- 
ford, Conn. 
Allen |. Barry, Eastport, 
J. R. Barsalou, Bay- 
Crystal 
V. O. Bonnichsen, Argo, Ill. 
Akbar F. Brinemade, Jack- 
son Heights, N.Y. 
Carlemith, Westfield, 
W. Cerf, Argo, 
Mario T. Cichelli, Wilming- 
ton, 
Calvin L. Dickinson, Pasa- 
dena, 


D i, Wil. 
Calif. 


J. Lawrence Gray, Carters- 
ville, Ga. 
John H. Hall, New York, 
A 
Raymond E. Hanning, St. 
Marys, Ohio 
Leuwis- 


John H. Holmes, 
wille, Ky. 

B. Jesser, Hackensack, 

John C. Jubin, Jr., Drexel 
Hill, Pa. 

Donald A. Justus, Detroit, 
Mich. 

Harold S. Kemp, Wilming- 


ton, 


Gerdon w. Kidder, Broom- 


Neale v. Lamb, Bartles- 
ville, Okla. 

Rolf Jr., Har- 
rison, 

Robert Lobetein, 
Hills, N.Y. 


Forest 


Herbert Herman 
Baytown, Tex. 
Melvin Nord, Detroit, Mich. 
Richard B. Olney, Oakland, 
Calif. 

Edward P. Pearson, Tiffin, 
Ohio 

William Pechenick, Brook- 
lyn, N.Y. 

Prentice W. Reeves, Buf- 
falo, N. Y. 

David Rosenberg, Niagara 
Falls, N. Y. 

Edward W. Samoden, Piney 
River, Va. 

William E. Schaefer, 
Brooklyn, N. Y. 

Marshall Sittig, Detroit, 
Mich. 

George V. Slottman, New 
York, N. Y. 

Homer B. Terry, Olympia 
Fields, iil. 


Meier, 
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APPLICANTS FOR 
ASSOCIATE 
MEMBERSHIP 


Herbert C. Bendel, Parma 
Heights, Ohio 

Michael G. Dalich, Sterling- 
Per» La. 

. C. Goodman, Los 
Calif. 
Bailey K. Kallay, 

dotte, Mich. 
Henry S. Myers, Brooklyp, 


W yan- 


APPLICANTS FOR 
JUNIOR 
MEMBERSHIP 
Frederic N. Alderman, Hat- 


Pa. 
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City, Okla. 

John J. McKetta, 

mington, boro 


Richard A. Bailey, Port 
Tex. 


"Bleck, Withee, 
P. Bisher, Kingston, 


W. Black, New 
Orleans, La. 
Stuart S. Brown, Pittsburgh, 


Pa. 
Leonard A. Caplan, Blacks- 


urg, a. 
John R. Cherer, Munster, 


Oleg Cherny, New York, 


H. State 
College, Pa. 
J. V. Day, Ville Platte, Pa. 
Demitrack, Bronx, 
Eugene P. L. deProsse, 
loquet, Minn. 
James P. Derouin, Rich- 
land, Was 
Rollins E. - Dobbin, Stone- 


ham, 

Edmund Fenstad, Santa 
Ana, Calif. 

Emmett a Ferretti, New 
York, 

‘Pessonden, Roc- 


chester, N. Y. 
John F. Fletcher, Pullman, 
Edward D. Fox, Les An- 


geles, 4 
Arthur E. Franzen, 


Chicago, Iii. 
William J J. Frink, Se. Al- 
bans, W. Va. 


Pa. 
Kenneth W. Guebert, Free- 
port, Texas 
ow S. Hall, New Orleans, 
James W. Harper, Beau- 
mont, Tex. 
ae R. Hayes, Whiting, 
R. Hertwig, 


W hiti Ind. 

John Rr Hill, Columbus, 
Ohio 

Dwight S. Hoffman, Mos- 
cow, Idaho 

Roger S. Holcomb, Man- 
ster, Ind. 

John F. Honstead, Topeka, 


ansas 
Howard Horne, Blacks- 
burg, Va. 
M. William 
Bloomfield, N. J. 
Kala- 
ich. 


William C. 
mazoo, 

sig W. Kemp, Saltville, 
a. 

K. Kothe, Brook- 
yn, 

George Kurese, New York, 


Se. Louis, 

Mo. 

John M. Mason, Seattle, 
Wash. 

William F. Melihenny, 
Freeport, Tex. 

Allan Cal- 
gary, A 

Laurent Mickel. Cambridge, 


hk, N.Y. 
James R. Nevin, St. Louis, 
Robert J. Newman, Wichita 


Roy D. Peak, Denver Coll. 

4 P. Penick, Dallas, 
ex. 

T Reid, Kingsport, 


David . J. Rex, lll, Paines- 


ville, 


Donald "Runciman, Se- 
attle, 

Kenneth D. Sales, Charles- 
ton, . Va. 

Robert E. Salveter, Jr., 


Marion, Ind. 
Richard iL Schmitz, Brent- 
wood, Mo. 
Robert F. Schnaith, Wahit- 
ing, Ind. 
Burnett Beau- 
mont, 
Sisk, Hammond, 
Raymond A. Speed, Bay- 
town, Tex. 
Alan H. Stark, Cleveland, 
Ohie 
Fred E. Jr. Le 
Tate, Madison, 
Jr. 
Wilmington, 
Edwin C. Telecske, 


Chi 

F. A. ovecr, dr., College 
Station, Tex. 

Carl E. von Waaden, Law- 
rence, 

Theodore Y. Wakai, 
City, lowa 
H. Wanderer, Chicago, 


Edward A. White, Urbana, 
im. 

E. White, Harvey, 

George M. Wilmsen, Madi- 
son, Wis. 

W. H. Wingate, 
Spartanburg, 5S. C. 

S. Wood, Whiting, 

1. J. Wright, Jr., Houston, 
Tex. 


. History and Preparation 


INDUSTRIAL NEWS 


(Continued from page 12) 


working party would not be profitable, 
since the sample already scrutinized 
by the working party has revealed 
that relatively little technology of 
major importance is being withheld 
That the search of the patent files was 
of sufficient interest to warrant con- 
tinuing the test program, especially to 
study the complete technology of a 
major atomic energy process, such as 
that being carried on at Y-12 


The trial program was set up by the 
AEC in response to the recommendation 
of an Industrial Advisory Group that 
information still classified, but poten- 
tially declassifiable and of special inter- 
est to industry, should be surveyed and 
declassified 

To assist in developing the program, 
a temporary advisory committee of 
representatives of protessional societies 
and the business press was appointed 
The advisory committee made recom- 
mendations on how to proceed with the 
program and recommended candidates 
for membership in the working party. 
Members of the 


E.P 


working 
February, 


party were 
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MARGINAL NOTES 


(Continued from page 22) 


Boron Trifluoride and Its Derivatives. 
Harold Simmons Booth yy — 
Ray Martin. John + 
Inc., New York 16, N. Y. vite + 
315 pp. $5.00. 

Reviewed by Harold C. Weber, 

Chemical Engineer, Milton, Mass. 


GOOD monograph should not only 

cover the field completely, but also 
should be authoritative and convenient 
to use. This monograph fulfills these 
three In their endeavor 
to present a complete and authoritative 
picture of the knowledge pertaining to 
boron trifluoride and its derivatives, the 
authors not only scanned Chemical Ab- 
stracts page by page trom its beginning 
and reviewed the usual texts, but, in 
addition, enlisted the aid of several out 
standing experts and consulted the files 
of 18 of the larger companies in the 
United States interested in the produc- 
tien and commercial utilization of boron 
trifluoride. The material presented in- 
cludes everything available to the au- 
thors up to Jan. 1, 1948. The informa- 
tion is conveniently arranged in eight 
chapters having the following headings : 


requirements 
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. Physical Properties 
Chemical Properties 
. Coordinating Power of Boron Tri- 
fluoride 
5. Fluoboric Acids and Their Salts 
. Boron Trifluoride as a Catalyst 
Analysis of Boron Trifluoride and Its 
Compounds 
. Practical Handling of 
fluoride 
Free use is made of tables and easily 
understood charts. In practically every 
case where a chart is used, the experi- 
mental points are plotted on the draw- 
ings enabling the reader to judge im- 
mediately how well the curves presented 
fit the data and over what ranges the 
curves have been extrapolated. Such a 
procedure is to be commended but all 
too often is not followed. To aid the 
reader in locating the exact information 
he may desire, four indices have been 
provided: the first contains 973 refer- 
ences arranged alphabetically, for the 
most part by authors, but in a few cases, 
by company name; the second is the 
usual author index ; the third is the sub- 
ject index, the latter covering 14 pages, 
its length affording a clue as to its com- 
pleteness ; the fourth is a formula index 
Several spot tests using the indices gave 
evidence they were unusually complete. 


Boron Tri 
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N.Y. Nelson Roberts, Lawrence- 
William Lazor, Jr.. Wil- 
= , muington, Del. 
burg, Va. James Lee, Minneapolis, 
Angeles, Calif. William 5S. Lenihan, Jr., 
Marcel Alexander Ballouz. Oak Ridge, Tenn. 
Morgantown, W. Va. pe J. O. Philip Lindahl, Bart- 
Seattle, Ha W. Fritts, New ranklin 5S. Looney, College 
Bernard Berk, New Bruns- Kensington Pa. . Station. Tex. 
wick, N. J. Gerald W. Giles, Chicago, Lewis H. Mahony, Roe- 
C. Rebert Bickling, Wil- i. chester, N. Y. 
mington, Del. Robert D. Gleichert, Bar- George H. Maringas, 
J. B Bingeman. Minne- berten, Ohio Harvey, fil. 
John J. Gorman, Hunts- 
ville, Ala. 
Bruce F. Greek, Pittsburgh, 
Roy W. Miller, Hammond, 
Rev Arthur, Tex. 
Edwin W. Nelridge, New 
Falle, Tex. 
Bernard Arthur Paulson, 
Alma, Mich. 
Ralph F. Peak, Johnstown, 
10 
: 
a 
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ALSO AVAILABLE ARE: 
Sodium Chloroacetate 
Methyl! Chloroacetate 
Ethyl Chloroacetate 

n-Butyl Chioroacetate 
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EQUIPMENT 


1 @ RATOTHERM AND RATOGAGE. 
Fischer & Porter Co. add to their 
line of new temperature and pressure 
instruments. The temperature in- 
struments (Ratotherm) have ther- 
mal systems filled with liquid, gas, 
or a combination, and the series 
covers ranges between —125° F., and 
+-1000° F. The Ratotherm system 
uses capillary tubing for transmittal 
of the change induced by ew go 
ture differences. Tubings, which are 
bronze, steel, stainless steel, etc., can 
be rubber covered, lead covered or 
plastic coated for resistance to cor- 
rosives. The Ratogage pressure in- 
struments are of three types: bellows 
pressure element, a multiple dia- 
phragm pressure element and a heli- 
cal pressure element. With the three 
types measurements from 4 to 10,000 
Ib./sq.in. gage are possible. Record- 
ers and control systems are described 
in the same catalog. 


2 e ALLOY IDENTIFICATION. From 
the Electro-Chemical Instrument 
Laboratories, a portable metal alloy 
identification instrument known as 
the Electrospot. Battery instrument, 
weighing less than 5 Ib., the equip- 
ment makes use of the inherent dif- 
ferences in the surface films on 
metals and alloys to identify them 
by electrolytic means. It will sort 
alloys of aluminum, copper, gold, 
iron, lead, nickel and stainless steels. 
Various electrolytes are used for the 
identification which can be rapidly 
read from a millivolt meter. 


3 @ PLUG VALVE LUBRICATOR. For 
plug valves from 2 in. to 20 in. in 


size, a new lubricator of the Delta | 


Engineering Sales Co. A measured 
amount of lubricant is forced into 
the plug valve lubricating channels 
each time the valve is opened or 
closed. 


4 @ SPRAY NOZZLE. A spiral spray 
nozzle, to give wide-angled sprays, 
with capacities of 14 to 2 gal./min., 
and another from 11% to 4 gal./min. 
is new to the Bete Fog Nozzle Co. 
Produces a 180° umbrella spray pat- 


Mail card for more data» 


tern, with low pressure head. ay 
nozzle is cleaned by means aie 
movable pin. 


5 @ ELECTRIC STEAM PLANT. Aiding 
the new technique of spray painting 
with steam instead of air, the Living- 
stone Engineering Co. has designed 
an all-electric steam power plant, 
= a 100 Ib./sq.in. boiler. The 

iler will handle trom | to 10 spray 
guns. The unit, which is designed 
for industrial users of spray-painting 
equipment, includes an_ electric 
superheater, thermostatic control, 
boiler feed pump, motor and con- 
trols. 


6 @ CONTINUOUS CONCENTRATOR. 
Bowen Engineering, Inc., to comple- 
ment its spray dryer, has a new 
Stabilizer, which is a continuous con- 
centrator for use with heat-sensitive 
materials to bring them to higher 
degrees of concentration. The body 
of the Stabilizer is an insulated-steel 
jacket. The inner wall is a hori- 
zontal cylinder against which a rotor 
arm is carried on a centrally located 
shaft driven at low speed. The ma- 
terial is driven through a feed pipe 
at one end of the cylinder and a dis- 
charge pipe removes the concentrate 
at the opposite end. Vapor discharge 
through a stack. Available in 6 sizes 
with an evaporation rate of from 
600 to 12,000 Ib./hr. 


7 @ PULVERIZER. A swing hammer 
mill for fine grinding, granulating, 
or wet milling, for usual application 


SERVICE 


in the chemical industry is now being 
manufactured by the Pulva Corp. 
The mill uses twin screws to feed 
the material to the face of the ham- 
mers and can handle pieces up to 
3 in. in size. 

8 @ STEAM BONER. A new stcam 
boiler for heavy oils and and 
available in sizes of from 15 to 500 
hp., is a recent development of the 
Cleaver-Brooks Co, The new model 


nishes combustion air. T 
over from oil to gas or the rever 
can be done in less than a minut 
The model uses the Cleaver-Broo 
four-pass fire tube design. 


9 @ VENT VALVE. Crane Co. has 
new automatic vent and drain val 
The new mechanism makes use 
the ball-type seat instead of the cu 
tomary disc. Used on water- or oi 
piping systems to remove entrap 
air, or in compressed air systems 
remove water. Sizes available for ai 
up to 150 Ib./sq.i 
and water up to 125 Ib./sq.in. 


10 @ pH METER. A line-operated p 
meter with reproducibility to 0. 
pH is a recent development of Col 
man Instruments, Inc. Operates 
95 to 130 v., 50/60 cycles. The el 
trode system permits use of a variet 
of special electrodes. Instrume 
reads directly in pH. 


11 @ HEAT EXCHANGER. An all- 
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has a rotary burner which provi _ 
flexibility for burning the oils 
gases. Single low-speed blower fu _ 
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cuprous standardized exchanger, 
with a removable tube bundle, is 
in quantity production at Ross 
Heater k Mig. Co., Inc. Unit has 
a packed floating head and is avail- 
able in single or two-pass construc. 
tion, All parts are standardized and 
mass-produced and continuously 
carried in stock. Bulletin shows con- 
struction details, gives dimensions, 
weights, etc. 


12 @ ASPIRATOR. For engineers in 
the food, feed, and chemical indus- 
tries, Sprout, Waldron & Co. have 
designed a new, single-disc aspirator 
for removing light impurities from 
products, The — products 
drop through a f sleeve to a 
revolving iron disc revolving at a 
determined by the product. 
The stock spreads out thinly into 
an air stream, the light material 
floating of for cyclone collection. 


14 @ HUMIDITY RECORDER AND CON- 
TROLLER. For process industries need- 
ing humidity control during process- 
ing, Weston Electrical Instrument 
Corp. developed a controller which 
automatically regulates the wet-bulb 
(relative humidity) for which it is 
set regardless of fluctuations in the 
dry-bulb. 


15 @ PLASTIC COATING. For lining 
petroleum and chemical tanks, 
Glidden Co. has Vinyl-Cote which 
is impervious to caustic, sour crude 
and most acids. Unaffected by oils, 
greases and solvents, the vinyl poly- 


4: 


mer is put on in five different-colored 
layers. Usable up to temperatures 
of 180° F. 
16 @ SAFETY HOOD. General Scien- 
tific Equipment Co. is in production 
with a new safety hood having an 
improved rubber which will with- 
stand oils, caustics, acids, etc., and 
protects against extreme tempera- 
ture and light metal splashes. Has a 
lastic window for visibility and may 
»¢ worn with goggles or a respirator. 


17 @ PROCESSING Mill. A new 
stainless steel mill, with a capacity 
of 8 to 20 gal. /hr. and slated for pre- 
cise laboratory work permitting no 
contamination, has recently been de- 
signed by the Morehouse Industries. 
The mill is driven by a 3-hp. motor 
and is 14 in. in diameter and $ ft. 
high. Used are special carborundum 
stones to obtain the grinding. 


CHEMICALS 


20 @ CITRACONIC ANHYDRIDE. \ 
on citraconic an- 
hydride which includes all the physi- 
cal properties, reactions, prepara- 
tion, ete., that the Smith New York 
Co. has been able to trace in the 
literature. Chemical reactions, com- 
pounds, etc, 


21 @ POLYAMIDE RESIN SUSPENSOIDS. 
An 8-page data sheet by General 
Mills, Inc., on its water dispersions 
of polyamide resin, Polyamide resin 
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is a condensation of dimerized vege- 
table oil acids with ethylene diamine. 
Gives physical operties, com- 
pounding, solubilities in solvents, 
etc. Suitable plasticizers, etc. Sug- 
gested uses include adhesives, pro- 
tective coatings, paper, binders, tex- 
tile, leather, etc. 


22 @ POLYETHYLENE-LINED DRUMS. 
Schori Process Division now offers 

ackney open-head seamless barrels. 
The lining is 1/32 in. thick but 
1% in. linings are also available. The 
Schori Process Division developed 
the Flame Spray process (see March 
Data Service Item No. 5). 


23 @ NITROGEN SOLUTIONS. For 
the fertilizer field, Spencer Chemical 
Co. has a pamphlet describing Spen- 
sol solutions which are water solu- 
tions of solid ammonium nitrate and 
anhydrous ammonia. The pamphlet 
describes solution types, charts of 
physical properties. Tables detail 
quantities for ammoniation. The 
complete handling of the solutions 
at the plant, plus fertilizer formula- 
tion, precautions to take in handling 
the material, ammoniation equip- 
ment, etc., are all covered. 


24 © FIRE-RETARDANT. To meet the 
requirements of flame-resistance of 
the Army Quartermaster, Federal 
Specification, and National Bureau 
of Standards, Monsanto Chemical 
Co. has introduced a new low-cost 
chemical for imparting fire-retardant 
properties to all types of cellulosic 
fabrics. A 10-page bulletin gives 
properties, application to fabrics, 
preparation for treatment, etc. 


25 @ DICYCLOPENTENYL ALCOHOL. 
Rohm & Haas have in pilot plant 
production dicyclopentenyl alcohol 
obtained by the hydration of dicyclo- 
pentadiene. It is insoluble in water 
and miscible in all proportions with 
common organic solvents. Its deriva- 
tives have potential use in the coat. 
ings fields. 


26 @ RESORCINOL. The chemical di- 
vision of Koppers Co., Inc., has a 
new, comprehensive 40-page tech- 
nical bulletin describing the chem- 
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ical and physical nature and uses 
of resorcinol. Typical physical data 
are given plus commercial informa- 
tien, grades available and their speci- 
fications, toxicology, uses (antioxi- 


dants, cosmetics, dyestuffs, etc.), 
chemical reactions, plus an exten- 
sive bibliography. 


27 @ FATTY ACIDS. W. C. Hardesty 
Co., Inc., has a new 24-page fatty 
acid specifications catalog. The book 
covers the properties of stearic acid, 
oleic acid, red oil, hydrogenated fatty 
acids, distilled fatty acids, palmitic 
acid and glycerides. Technical data, 
such as color standards, composition 
of fats and oils, temperature con- 
version tables, etc. 


28 @ RESIN GUIDE. A second edi- 
tion of American Cyanamid Co.'s 
Resin Guide devoted to tabulating 
the specifications for the resins it 
manufactures for use in paints, var- 
nishes, lacquers and printing inks. 
It is a wall plaque with tab sheets 
giving the physical and chemical 
products of each resin—solubility, 
compatibility, drying schedules, plus 
colors, viscosity and other physical 


properties. 


29 @ DURITE MOLDING COMPOUNDS. 
The chemical division of the Borden 
Co. shows in pictorial fashion the 
applications of phenolic thermoset- 
ting molding compounds. 


30 e LIQUID BROMINE. For the 
methods and materials for handling 
liquid bromine, the Dow Chemical 
Co. has a 22-page bulletin. It covers 
the safety precautions for dealing 
with the material in glass bottles, 
lead-lined drums, and tank cars. 
Also contains a section on materials 
of construction, control devices, stor- 
age tanks, pipe lines, etc. 


31 @ LITHIUM CHEMICALS. Foote 
Mineral Co.'s staff has prepared a 
28-page booklet on lithium chem- 
icals and their industrial applica- 
tion. The future of the element, 
the chemistry (which includes physi- 
cal properties), chemical specifica- 
tions of industrial salts, bibliography 
and industrial uses are well detailed. 
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32 e CHLORINE HANDBOOK. 
Diamond Alkali Co. offers a 44-page 
file-size technical manual on storage, 
handling, and use of chlorine. The 
book covers every phase of chlorine 
from the construction of the cylin- 
ders, tank cars, discharge valves, etc. 
Shows the proper way to handle the 
material, safety precautions, physical 
properties and enthalpy temperature 


diagram, etc. 


BULLETINS 


36 @ STEEL INSTRUMENT VALVES. For 
use on petroleum Christmas trees 
or small lines in petroleum and 
chemical processing plants, Edward 
Valves, Inc., are in productien with 
a new forged-steel instrument valve 
which will withstand pressures as 
high as 6000 Ib. Made of corrosive 
resistant material such as carbon 
steel, 138% chromium, or 18-8 stain- 
less, the new valves are available in 
globe or angle design in 4-in., %-in. 
and in. sizes. At 1000° F. pressure 
rating is 1500 Ib./sq.in. 


37 @ WELDING FITTINGS PRICE LIST. 
A new and up-to-date price list of 
The Cooper Alloy Foundry Co., 
stainless-steel welding fittings, has 
recently been published by the com- 
pany. Covers all ty of fittings, 
elbows, return bends, ete. 


38 @ ROD MILLS. Hardinge Co., Inc., 


DATA SERVICE 


has issued a revised bulletin on its 
rod mills for frinding and pulver- 
izing. The bulletin shows the prin- 
ciples of the rod mill, plus construc- 
tion details and applications to vari- 
ous metallurgical and industrial 
processes. A shows auxiliary 
equipment for the huge mills which 
run from $ to more than 1000 hp. 


39 @ JACKETED PIPE AND FITTINGS. 
For maintaining uniform tempera- 
tures in pi carrying ing 
material, Berner, 
Inc., offer a catalog of pipes and 
fittings jacketed to carry heat trans- 
fer-media. Fittings have a double 
wall forming an allover jacket sur- 
rounding and insulating the interior. 
External jump-over pipes transfer 
heat-transfer media from one fitting 
to the next. Plug cocks, tees, strain- 
ers, valves, etc., are shown with 
dimensions. 


40 @ PROCESS EQUIPMENT. The 
Vulcan Copper & Supply Co. printed 
a new descriptive bulletin showing 
process equipment. Heat exchang- 
ers, columns, pilot plants, piping, 
extractors, evaporators, etc., are de- 
scribed briefly. Facilities of the com- 
pany are illustrated and a story of 
their organization service from pro- 
cess engineering through equipment 
manufacture to plant erection and 
start-up, is described. Short descrip- 
tion of continuous solvent extrac- 
tion unit. 
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41 @ STEEL BELT CONVEYORS. For 
transfer of materials in the process 
industries, Sandvik Steel, Inc., has 
designed and built complete con- 
veyor units of steel. Belts can be 
either high carbon or 18-8 stainless 
dependent on application. The 
stainless belts handle material up to 
350° F. and the carbon belts up to 
700° F. The belt is joined by means 
of a riveted lap joint. Described 
also, is a new water-bed conveyor for 
cooling materials. The top band 
of the belt passes over a trough of 
circulating water in which the pres- 
sure is just enough to raise the belt 
off the supports. Specifications for 
the full line are given, which range 
in size from 8 in. to 61 in. in width, 
and from 24-gage to 18-gage thick- 
ness. 


42 @ 43 @ PETRO-CHEM FURNACES. 
Two bulletins from the Petro-Chem 
Development Co., Inc, No. 42 is a 
technical description of the radiant- 
convection iso-fiow furnace which 
via description and drawings shows 
the construction of the furnace, 
lacement of tubes, burners, etc. 
‘he second, No. 43, is a descrip- 
tion of the iso-flow steam generator 
which follows much the same pat. 
tern. Test data of the steam gen. 
erator are given in a table. 


44 @ AIR-COOLED HEAT EXCHANG- 
ERS. From J. F. Pritchard & Co., 
a descriptive tolder of their Quintair 
air-cooled heat exchangers for con- 
densing or cooling steam or process 
vapors, natural gas, lubricating oil, 
etc. Many arrangements of the unit 
are possible and are shown together 
with a brief description of its fea- 
tures. 


45 @ GLASS PIPE. Corning Glass 


Postage 


Works in production with a new 
industrial glass pipe. According to 
the company, it is of greater strength 
owing to a heat treatment, has closer 
tolerances on length, flatness, angu- 
larity and bow. 


46 @ FIRE HAZARD INDEX. Randolph 

ket-size, ge book, a quick 
reference al listing of 
more than 590 chemicals, gas and 
common fire-hazard materials. It 
specifies which kind of fire-hghting 
agent to use, 


47 FALTER DATA. Charts showing 
the relative cost of filter area and 
various sizes of plates for the wood 
plate and frame, the metal plate 
and frame, and the metal recess type, 
plus data on the filter area and 
volumetric capacity, and weight of 
complete filter press in various 
metals or wood, are concisely printed 
in a new folder of D. R. Sperry 
& Co. Data cover in general, 
presses containing from 5 to 100 
slates; tables give filter area, cubic 
foot of capacity, weight of plates, etc. 


48 @ ROTARY KILNS. Descriptions of 
Vulcan Iron Works kilns. Shows the 
continuous rotary-type, continuous 
rotary coolers and dryers; shows re- 
placement parts, construction de- 
tails. Also covers briquetting ma- 
chines, castings and fabrications, ver- 
tical lime kilns, etc. 


49 @ ANGULAR MIXER. 2-page 
loose-leaf insert of Troy Engine & 
Machine Co. describes its new an- 
gular mixers. At the option of the 
operator, the mixing tank itself re- 
volves along with the U- =— an- 
gular mixing agitator ‘arious 


speeds available and two capacities, 
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l. and a 60-gal. mixer are 
described. 


50 FILTER. For purifying lubri- 
cating and fuel oils used in station- 
ary engines, the Hilliard Corp. in a 
file folder, explains a new R series 
oil filter. Cartridges are available 
with either fuller’s earth or cellulose 
filtering materials. Capacities of flow 
from | to 16 gal./min. Complete 
data of performance of the filters. 


51 HAMMER MILL. A brief pamphlet 
on the Sprout-Waldron Model H.D. 
pore nea mill, a new model of this 

pany's line. It is designed for 
a uty and daily production 
schedules; 50 to 75 hp. directly con- 
nected; the rotor travels at 3500 
rev./min. 


52 @ STEAM GENERATORS. The 
Ames Iron Works has a folder con- 
taining bulletins describing all its 
Amesteam generators. Contains 
about 30 pamphlets, all of the same 
general format but describing differ- 
ent units. Standard units available 
from 10 to 500 hp., pressures from 
15 to 200 Ib./sq. in., for use with 
light oil, gas, heavy oil, and com- 
binations. Also explains construc- 
tion, condensate units, etc. 


53 @ CORROSION SERVICE PIPING. 
Taylor Forge, in a 36-page booklet, 
develops an approach to corrosion 
and contamination in piping. The 
book begins with the description of 
iron-pipe size, then discusses the 
function of welding in corrosion serv- 
ice piping. One of the important 
tables in the book, aside from the 
dimensional data on all Taylor Forge 
standard fittings, is a table on the 
corrosion resistance of stainless steels 
and other alloys. A table of alloys 
and analyses, plus physical proper- 
ties, rounds out the book. 


54 @ CARBON MONOXIDE RECORDER. 
Mine Safety Appliances Co. has a 
refinement of its standard carbon 
monoxide recorder and features a 
sensitivity which can be calibrated 
to cover a range from 0 to 500 p.p.m. 
of carbon monoxide. 


55 @ CENTRIFUGAL PUMP. The type 
G LaBour pump is described in an 
extensive publication. It is a v 

tical self-priming centrifugal, ii. 
rectly mounted, and pump has no 
packing or mechanical seal. Detailed, 
explanation of priming action as 
well as information on the installa- 
tion and care of centrifugal pump. 
Also contains information on fric- 


. tion of water in pipes, operating in- 


formation, etc. 
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NIAGARA FILTER keeps Solutizer Solution “on-stream” 


Shell Oil Company uses a Niagara Filter in its 
solutizer mercaptan extraction process and thereby 
effects “a significant annual saving.” 

Caustic solutizer solution is introduced into the 
extraction system, where it comes into contact 
counter-currently with the mercaptan-containing 
hydrocarbon fraction. The treated fraction and fat 
solutizer solution are withdrawn from opposite ends 
of the system. 

A Niagara Filter was installed to remove the 
small amount of iron sulfide particles (averaging 
20 microns) which gradually accumulate in fat 
solutizer solution. These insoluble materials in the 
system act as nuclei for troublesome emulsions and 
impair the effectiveness of the plant. The iron sul- 
fide is contained in gasoline streams entering the 
solutizer plant. 

The Niagara Filter has 16 stainless steel leaves 
with a total filter area of 322 sq. ft. It is delivering 
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solutizer solution free from iron sulfides, at a flow 
rate of 2700 GPH—and is doing this continually 
for a period of 64 hours before it is necessary to 
clean filter. 

Continuous filtration helps to keep operation of 
the solutizer plant at high efficiency. Gasoline pro- 
duction remains uniformly high in octane number 
and tetraethyl lead susceptibility. 

Niagara all-metal filters always save through 
elimination of filter cloths, simplicity of operation, 
increased filtration rates and long life of the stain- 
less steel solderless filter leaves. Niagara filtration 
engineers are experienced in all types of filtration 
processes. They may be able to help you with your 
problems, and will be glad to test samples and tell 
you about pilot filter rental and other services. A 
letter from you outlining the problem will bring a 
prompt reply without obligation. Use the coupon 
below to order Bulletin G-447 for your files. 


NIAGARA FILTER CORP.,3091 Main St., Buffalo 14, N.Y. 


Please send me details of Niagara Pilot Plant Filter rental 
Bulletin G-447 
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This Miegere Filter, of Shell Oil's Houston refinery, removes 
—_ iron trom solutizer solution. The results, in 
annual savings and uniform gasoline quality are described below. a 
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AVOID UNMIXED VOLUME 


Increase Mixing Efficiency and 
Cut Operating Costs with 
READ Spiral Ribbon Blenders 


Any unmixed or dead volume found in a mixer alter 
the mixing operation has been completed is costly. 
This can be eliminated with a Read Spiral Ribbon 


In a Read Blender, the counter-flow action of the 
spiral ribbon agitator insures rapid, efficient mixing 
without material build-up at the ends. Ground fillets 
on the all-welded agitator prevents build up of 
masses during mixing. At the discharge point, a 
liquid-type flush plug discharge gate eliminates any 
build-up of dead material at this point. 

Read Spiral Ribbon Blenders are built with batch capacities of 
from 1 to 500 cu. ft. Special units are custom-built for larger 
capacities Models can be supplied for operation under pres- 
sure or full vacuum, and may be equipped with temperature 
controlling jackets. Structural steel legs can be supplied in 
various heights to suit operating conditions. 

Write for complete information on the Read Spiral Ribbon 
Blender for your particular application. 


READ MACHINERY DIVISION 
of The Standard Stoker Company. Inc. 


YORK 5, PENNSYLVANIA 
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LETTER TO THE EDITOR 


Author Answers Critic on 
Engineers’ Services 


Sir 


Mr. Cox in the February, 1950, issue 
(p. 33),+seems to disagree with my 
opinions in the December, 1949, issue 
(p. 33). His letter leads me to believe 
that we agree more than he thinks. We 
agree that engineers have the knowledge 
and ability to be of benefit to society. 
Though I respect preventive medicine 
and research too much to say that doc- 
tors are only called on when we are in 
trouble, and have referred to my em 
ployer’s patent and legal departments on 
too many occasions to say the same of 
lawyers, I agree that doctors and law- 
yers are most useful in times of trouble. 
An engineer is not chiefly useful at such 
times. In the engineering field there are 
regions such as Mr. Cox mentions where 
an engineer can be of great value; | 
hope to get into one of these 

Mr. Wilde’s editorial of last May, to 
which my original letter referred, 
pointed out that engineers were not fully 
recognized as professionals and sup 
ported the thesis that their contribution 
was as great as that of recognized pro 
fessions. My difference with Mr. Wilde 
was only that I felt that most of the pre- 
sent engineering effort was not in fields 
as helpful to humanity as the efforts of 
doctors, lawyers, and ministers, which 
disappoints me since | think it could be 
Mr. Cox claims I measure engineers by a 
higher “standard” than doctors and law 
yers; I referred to no standard except 
public recognition. It is public recogni 
tion which rates us below the other pro 
fessions—this may be a better evalua 
tion than Mr. Wilde or Mr. Cox be 
heves 

Here is why I believe this: Though 
doctors and lawyers are usually called 
in time of personal trouble, they have 
not limited themselves to curing people 
Che medical profession has sought and 
found the causes for many diseases, and 
drugs of much assistance in treatment 
rhe legal profession serves as adviser 
in many legal matters before troubk 
occurs, and also ts the major source of 
lawmakers and judicial interpreters of 
the law. Both these groups went to the 
source of the “trouble” with which they 
are generally associated, on their own 
initiative, and have helped humanity 
thereby 

Let us compare this performance wit) 
that of engineers. We are not called 
time of trouble ; we are rather the source 
of processes, products, and technologica® 
improvements in general which have * 
caused change and in many cases trouble 
to groups ot people, along with the im- 
portant benefits of most technological 
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change. A fully professional approach 
to technological change should, | believe, 
have included consideration of the 
possible effects of improvement on 
groups of people, such as company em- 
ployees, and the effects on the public in 
general. | don't think engineers have 
taken it upon themselves to do this. 
Many employers have started such con- 
sideration, and in some cases engineers 
have been put on such work, but chiefly 
by assignment rather than through a 
voluntary realization of the important 
effects of technology on the public. This 
is, I believe, an important indication of 
the lack of professionalism among engi 
neering graduates. There are, of course 
notable exceptions such as those in my 
first letter 
Mr. Cox agrees that some engineer 

ing effort could be expended along paths 
ot more benefit to humanity; he says 
“In matters of health and better living, 
there are a multitude of tasks that are 
awaiting attention of competent men.” 
| also feel that, in such efforts as they do 
undertake, engineers would be acting 
more professionally to consider all the 
ramihcations to society of the work they 
are undertaking. 

James B. Weaver 

Boston, Mass 

March 1950 


MARKETING COURSE 
AT PENN STATE 


\ new course covering the various 
phases of the development, introduction 
amd selling of new chemical products is 
to be given by The Pennsylvania State 
College, State College, Pa. This course, 
entitled, “The Marketing of Chemical 
Products,” will first be presented in the 
Philadelphia area. Marcus Sittenfield, a 
member of the staff of the school of 
chemistry and physics and a consulting 
engineer, will direct the course. Guest 
lecturers will present special phases of 
the subject 

Registration for the course is now 
open to qualified chemists, engineers and 
others. Further information can be ob 
tained from Arthur K. Mevers, admin 
istrative head, The Pennsylvania State 
College Center, Swarthmore, Pa 


CORRECTION—HOUSTON 
MEETING 


Ralph Somers, an author of a student 
paper presented at the Houston meeting 
of A.LCh.E. is a student at Oklahoma 
A & M and not as stated on page 22 and 
page 45 of the April issue of C.E.P 
from Texas A & M 
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Crossville, TH. plant of the Warren 
Petroleum Corporetion. In the dehy. 
deation towers, the drying agent Flore 
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FLORIDIN Product 


Adsorbents manufactured either from Bauxite 
or from superior deposits of Fuller's Earth 
hav e been developed by the Floridin Com- 
pany for highly specialized industrial uses. 


On any problem of adsorption —dehydration 


—catalysis—decoloration, the Floridin tech- 
nical staff, drawing upon almost forty years 
of experience, will gladly give attention to 
your inquiry. 


FLORIDIN COMPAYY 


Adsorbents ... Desiccants ... Diluvents 


Dept. O, 220 Liberty St., Warren, Pa. 
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LOCAL SECTION NEWS 


PHILADELPHIA- 
WILMINGTON 


The sixth and last meeting of the cur 
rent season was held April 11 at the 
Clubhouse Hotel, Chester, Pa., with 103 
at dinner and 135 at the meeting, to 
hear Alfred L. Baker, executive vice 
president, Kellex Corp., New York, 
N. Y., on “Peacetime Utilization of 
Atomic Energy,” and to present the 
awards in the Fred C. Zeisberg Memor- 
ial Contest, 

Mr. Baker, assisted by T. Freear and 
C. K. Raynstord, demonstrated 
potentialities in the field of neucleonics, 


some 


particularly as they were viewed by an 
engineer interested in large-scale power 
production. A wide 
applications of radioactive isotopes was 
also included. 

Awards in the Zeisberg contest, which 
was established by this section in 1941, 
are given for excellence in technical re- 
port writing to winners of a competition 
open to students in chemical engineering 
courses in any of eight schools in this 
locality: Bucknell, Delaware, 
Lafayette, Lehigh, Pennsylvania, Prince- 
ton and Villanova. Chairman G. E 
Holbrook requested Roy A. Kinckiner, 
Committee Chairman, to introduce the 
winners. They are George V. Vosseller, 
a June (1950) graduate of Lehigh Uni- 
versity, first; Robert L. Richards, Jr., 
June (1950) graduate of University of 
Delaware Louis C. Doelp, a 
June (1950) graduate of University of 
Pennsylvania, third, Each received books 
of his selection, appropriately marked. 

At this meeting, after consideration 
of the request to Local Sections to sug 
gest a for Director of the 


other 


variety of 


Drexel, 


see ond 


nominee 


F. C. ZEISBERG 1950 


G. V. VOSSELLER 


R. L. RICHARDS, JR. 


Institute, the section unanimously con- 
curred with the recommendation of its 
committee in naming William T. Dixon, 
of The Atlantic Refining Co. and at 
present Chairman of the Institute Com- 
mittee Testing Techniques and 
Equipment Performance Standards. 

The section met March 14 at Club- 
house Hotel with 77 at dinner and 115 
at the meeting to hear Dr. Claude L. 
Benner, president of Continental Amer- 
ican Life Insurance Co., on “Some Cur- 
rent Economic Trends.” 

Dean David L. Arm, University of 
Delaware, spoke briefly of the organiza- 
tion and aims of the Delaware Engineer- 
ing Association 


Reported by R. B. Chillas, Jr. 


ST. LOUIS 


At the meeting held March 22 at the 
York Hotel 90 members and guests were 
in attendance. Several student members 
from Washington University attended 
in response to the newly instituted pro- 
gram of inviting the junior, senior and 
graduate chemical engineering students 
to the meetings. 

The speaker of the evening, Dr. 
Donald M. Calkins, assistant manager of 
the chemical engineering department of 
Merck & Co., gave his address on “Some 
Considerations in the Medicinal Chem- 
Industry.” From an economic 
standpoint the medicinal chemical field 
is essentially one of risk. It is a small 
volume producer in comparison with the 
heavy chemicals industry including mul- 
tistep procedures with over-all 
yields 


icals 


low 


Reported by R. S. Yates 


CONTEST WINNERS 


L. C. DOELP 
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LOUISVILLE 


This section was addressed April 19 
by John H. Dobson on “Interconnected 
Pneumatic Instruments as Tools in 
Process Control.” Mr. Dobson is man- 
ager for the chemical industries division 
of The Foxboro Co. and has had wide 
experience in design and operation of 
synthetic organic chemical plants and 
industrial waste disposal plants. He 
discussed pneumatic instrumentation ap- 
plied to typical problems in chemical 
process control and showed how, by 
proper combination of several instru- 
ments, many specialized problems can 
be handied. 

A committee known as “The Student 
Sponsorship and Professional Guidance 
Committee” has recently been set up to 
bring chemical engineering students in 
the Louisville area into closer contact 
with practicing engineers and with the 
Institute. 

Reported by W. B. Altsheler 


PITTSBURGH 


“Tools and Techniques of Process 
Engineering” were evaluated by Wayne 
C. Edmister, professor of chemical engi- 
neering, Carnegie Institute of Technol- 
ogy, in his address to the April 5 dinner 
meeting of this section at the College 
Club. The occasion was the annual 
“Junior Member Night,” sponsored by 
the junior committee under the chair- 
manship of J. M. Harrison. Fifty-three 
members and guests were in attendance 

Professor Edmister demonstrated the 
interrelationships existing between de- 
sign, development, and operation phases 
of research activities, as they affected 
the process engineer. A total of twelve 
time-tested tools and techniques available 
to the engineer was listed and explained. 


Reported by Hugh L. Kellner 


KNOXVILLE-OAK RIDGE 


At a meeting on March 28, 1950, in 
Oak Ridge, the guest speaker was Dr. 
Warren L. McCabe, President of the 
Institute. The subject of Dr. McCabe's 
remarks was “The Institute, Its Pro- 
gram and Problems.” In addition to 
reviewing the purposes and organiza- 
tional structure of the Institute, Dr. 
McCabe showed several slides whic 
were prepared recently by the heres | 
Relations Committee. The slides showed 
the Institute’s membership and rate of * 
growth during recent years, the number 
of chemical engineering graduates and 
accredited chemical engineering schools. 


Reported by W. B. Allred 
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NORTHERN CALIFORNIA 


The meeting on March 6 was held in 
conjunction with the A.1.Ch.E. Student 
Chapter at the University of California 
in Berkeley, with a record attendance of 
223 members, students, and guests. 


The program was arranged by the | 


Student Chapter under the direction of 
A. G. Duszik, president; J. H. Rogers, 
secretary; R. E. DeLaRue, treasurer; 
and P. J. Frederiksen, arrangements 
committee chairman. Tours were ar- 
ranged through the chemical engineer- 
ing laboratories, and through the super- 
sonic wind tunnel of the mechanical 


engineering division. Brief talks on the | 
development of the chemical engineering | 
curriculum and research projects were | 


given by Prof. T. Vermeulen, L. M. 
Grossman, and C. R. Wilke. 
Among the research projects dis- 


cussed and demonstrated were ion ex- | 


change, vapor-phase catalysis, vapor- 
liquid equilibrium studies, operating 
characteristics of plates and packed col- 
umns for distillation, absorption, and 
extraction, fundamental studies of dif- 
fusion and viscosity of multicomponent 
systems, convective film boiling, high- 
temperature calorimetry, thermal con- 
ductances at liquid-air temperatures, and 
electrochemical design studies. Related 
research in mechanical engineering, 
discussed at the meeting, included the 
flow properties of fluidized solids, two- 
phase liquid flow, evaporative cooling, 
and convective heat transfer. 


The section met at the San Francisco | 


Engineers’ Club April 3 to hear a speech 
on “Labor’s Part in the Free Enterprise 
System,” by R. L. Condon, attorney for 
several labor organizations. 

Approval was made of an annual 
award of a Junior membership in the 
National Society and local membership 


to the outstanding member of the Uni- | 


versity of California Student Chapter. 
The first award will be granted in June, 
1950. 
Reported by R. H. Bunal 
and Theodore Vermeulen 


NEW ORLEANS 


This section held a joint meeting with 
the Tulane Student Chapter March 16, 
1950, in the Mechanical Engineering 
Building at Tulane University. In at- 
tendance were 63 members and guests. 

A motion picture, “Jet Propulsion,” 
was shown. 

Highlight of the meeting was an ad- 
dress by Dr. Francis M. Taylor, head 
of Tulane’s school of chemical engineer- 
ing, on the history and development of 
the school. After this address groups 
were taken on a tour of the new unit- 
operations laboratory. 


Reported by Ralph M. Persell 
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DIAPHRAGMS 


Newty developed plastic diaphragms for 
Hills-McCanna Diaphragm Valves now make it 
possible to handle 66° Be sulphuric acid without 


leaking, dripping or sticking. The combination of 
the proved Saunders Patent pinch clamp principle 
with the new plastic diaphragm puts an end to these 
troubles so common in valving 66° Be sulphuric. 


Hills-McCanna Diaphragm Valves for handling 
66° Be sulphuric are suitable for temperatures up 
to 125° F., pressures up to 100 psi. To get com- 
plete information, price and delivery data, write 
today. Specify valve sizes (%" to 4" incl.) and 
body material (cast iron, cast steel, Durimet or 
glass lined) desired. Full explanation of the 
Saunders Patent principle and specifications for 
Hills-McCanna valves for other services are 
given in Catalog V-48, available on request. 
HILLS-M°CANNA COMPANY, 2438 W. Nelson 
Street, Chicago 18, Illinois. 


HILLS-M‘CANNA 
ualues 


Pumps 
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Swiphwurice Acid 
without leakage, dripping 
sticking 
4 
4  HILLS-M°CANNA 
- 
| 
Propertionng 
Porce- Feed Lubricators WMagnesium tlloy Castings 


*Article in 
C. & EB. News 


against Acids, 


Alkalis, Salt, Oil and Water 


“Prufcoat proven superior to all other 
coatings we have tested” .. . writes one 
of America’s largest chemical 
atter eight years’ experience with Pruf- 
coat. And this is just one of many reports 
on file testifying to the effectiveness of 
Prufcoat’s famous liquid plastic formula- 
tions in controlling corrosion caused by 
chemical agents such as these: 


Acetic Acid 
Alcohols 
Bleach Solutions 
Calcium Chioride 
lorine 
Cyanides 
Formaldehyde 
Hydrofiueric Acid 
Lactic Acid 
Lubricating Oils 
Send today for a Prufcoat PROOF 
Packet. Contains in one easy-to-file folio 
outside laboratory tests, case histories, 
and Prufcoat ProtectoGraph Plan for 
analyzing your own painting maintenance 
costs. Write Prufcoat Laboratories, Inc., 


63 Main St., Cambridge 42, Mass. 


SAVES 
More 


PROTECTS 
More 


Attractive Colors 
te Masonry, Metal, Wood 


FUTURE MEETINGS AND SYMPOSIA OF A.1.Ch.E. 


Chairman of the AI.Ch.E. Program Committee 
George E. Holbrook 


Room 7406 Nemours Bidg., 
E. L. du Pont de Nemours & Co. 
Wilmington, Del. 


SWAMPSCOTT MEETING PROGRAM MAY 28-31 
(See March and April C.E.P.) 


MEETINGS in Food 
Regional — Minneapolis, Minn, 
Radisson Hotel, Sept. 10-13, Chairman: W. L. Faith, Corn Prod- 
1950 ucts Refining Co., Argo, III. 
Technical Program Chairman: E. L. Meeting—Minneapolis, Minn 
Piret, Minnesota Mining & Mig rad 
Phase Equilibria 


Co., Minneapolis, Minn. 
Annual—Columbus, Ohio, Neal Chairman: W. C. Edmister, Carnegie 
Inst. of Tech., Pittsburgh, Pa. 


House, Dec. 3-6, 1950. 
Meeting— Minneapolis, Minn. 


Technwai Program Chatrman: John 
Clegg, Battelle Memorial Institute, 

What Should You Know About 

Management? 


Columbus, Ohio 
Regional White Sulphur 
Springs, W. Va., The Greenbrier, Chairman: L. P. Scoville, Jefferson 
March 11-14, 1951 Chemical Co, § Rockefeller 
Technical Program Chairman Plaza, New York. N. Y 
Walter E Lobo, The M. Ww. d 
Kellogg Co., 225 Broadway, New Meeting—Minneapolis, Minn 
York, N. ¥ 
Regional—Kansas City, 
Hotel Muchlebach, May 
1951 
echnical Pregram 
Walter W.  Deschner, 
Pritchard Co. Kansas City, Mo. M eeting—Columbus, Ohio 
Annual — Atlantic City, N. J. 
Chalfonte-Haddon Hall Hotel, 


Dec. 2-5, 1951. 
gineering Equipment 
SYMPOSIA Chairman: Walter E. Lobo, The M. 


Indoor vs. Outdoor Plant Con- W. Kellogg Co., 225 Broadway, 
struction Ne w York, N y 

Chairman: J. R. Minevitch, E. B. Meeting—White Sulphur Springs, 
Badger & Sons Co., 75 Pitts St., W. Va 


V ecting— Minneapolis, Minn i Engineering in Glass 
mentals Chairman: F. C. Flint, Hazel-Atlas 
Chairman: Mott Souders, Shell De- Glass Co., Washington, Pa. 
velopment Co., 100 Bush St., San Meeting—Not scheduled 
branciseco, Calit 
M eeting— Minneapolis, Minn 


Chemical Engineering Kinetics 


Air and Water Pollution Control 


Chairman: Richard D. Hoak, Mellon 
Institute of Industrial Research, 
University of Pittsburgh, Pitts- 
burgh, Pa 


Relationship Between Pilot-Scale 
and Commercial Chemical En- 


Processing of Viscous Materials 

Chatrman: W. W. Kraft, The Lum- 

Chairman: BK. H. Wilhelm, Prince- mus Co., 420 Lexington Ave., New 
ton (N.J.) University York, N. ¥ 

Meeting— Minneapolis, Minn Meeting—Not scheduled 


Authors wishing to present papers at a scheduled meeting of the A.1.Ch.E. 
should first query the Chairman of the A.1.Ch.E. Program Committee, George 
E. Holbrook, with a carbon copy of the letter to the Technical Program Chair- 
man of the meeting at which the author wishes to present the paper. Another 
carbon should go to the Editor, F. J. Van Antwerpen, 120 East 41st Street, 
New York 17, N. Y. If the paper is suitable for a symposium, a carbon of the 
letter should go to the Chairman of the Symposia, instead of the Chairman of 
the Technical Program, since symposia are not scheduled for any meeting until 
they are complete and approved by the national Program Committee. Before 
authors begin their manuscripts they should obtain from the mecting Chairman 
a copy of the Guide to Authors, and a copy of the Guide to Speakers. The 
first book covers the preparation of manuscripts, and the second covers 
the proper presentation of papers at A.1.Ch.E. meetings. Presentations of 
papers are judged at every meeting and an award is made to the speaker 
who delivers his paper in the best manner. Winners are announced in Chemical 
Engineering Progress, and a scroll is presented to the winning author at a 
meeting of his local section. Since five copies of the manuscript must be 
prepared, one should be sent to the Chairman of the symposium and one to 
the Technical Program Chairman of the meeting, or two to the Technical 
Program Chairman if no symposium is involved and the other three copies 
should be sent to the Editor's office. Manuscripts not received 70 days before 
a meeting cannot be considered 
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EL DORADO CHEMICAL 
ENGINEERS’ CLUB 


At the monthly dinner meeting on 
March 17, the third since the club's 
formation, 89 technical men and guests 
gathered at Pan-Am Southern Corp.'s 
El Dorado Refinery Recreation Hall to 
hear W. D. Moore, a technical service 
engineer with the Reynolds Metal Co., 
discuss the “Applications of Aluminum 
to the Chemical and Petroleum Indus- 
tries.” Two sound films, one covering 
the operation of the Reynolds Co. from 
the mining of bauxite to the production 
of the finished metal, and the other the 
production of aluminum paint and its 
use aS a protective coating, were shown 
during the meeting The following 
morning members of the club were con- 
ducted on a tour through the ammonia 
synthesis plant of Lion Oil Co. and 
Pan-Am Southern Corp.'s refinery, both 
of which are located at El Dorado. 


Reported by E. D. Wurster 


CHICAGO 


The subject of modern industrial re 
search and its present status drew an 
attendance of approximately 125 mem 
bers at the March dinner meeting when 
Dr. Edward Weidlein, director of Mel 
lon Institute of Industrial Research, and 
trustee of University of Pittsburgh, 
spoke on “Trends in Industrial Re 
search.” He presented a factual and 
vivid over-all appraisal of the position 
of all phases of research. Emphasis was 
placed on the need for divorcing im 
mediate profit justifications from many 
research programs in industry. The 
story of the development of many val 
uable processes and products was cited 
as proof of this necessity. Furthermore, 
the research personnel must be given 
more freedom of action in their pursuit 
of particular goals as an aid to better 
results 


Reported by Donald A. Dahistrom 


OKLAHOMA 


\pproximately 80 members and guests 
attended the March 16 meeting at the 
McKinley School auditorium in Bartles 
ville 

The Oklahoma Panhandle Counties of 
Cimarron, Tex., and Beaver were re 
leased to the Texas Panhandle Group 
for inclusion in its local Section, be 
cause Of proximity 

Robert E. Fearon, nuclear physicist 
and director of research of Well Sur 
veys, Inc., Tulsa, addressed the group 
on “The Hydrogen Bomb.” 


Reported by George E. Hays 
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Pritchard’s 
New 


HYDRYER™ 


@ For Efficient Drying of Compressed 
Air and Other Gases 

@ Packaged Units for Instrument Air 
and Industrial Processes 

@ Only Service Connections Required 


Pritchard HYDRYERS are unexcelled for efficiency 
and dependability in drying air for instrument a 
process controls. Standard packaged units are designed 
to reduce dew points of compressed air and other gases 
to minus (—) 40° F. No special installation required 
Specially designed units may be built to your re 
quirements 


Write for FREE Bulletin No. 16.0.080 Registered 
Trade Nome 


DIVISION 


ip Pritchard 


Dept No 4 908 Grand Ave., Kansas City 6, Mo 


District Offices 
Chicago + Houston + New York + Pittsburgh + Tulsa + St. Lowis 
Other Representatives in Principal Cities from Coast to Coast 


4 


Visconitter 


const VISCOSITY 


As Simply, Quickly, Easily 

as Taking Temperature Readings 

(Use in leb, plant, or both) 

Just a flick of the switch, then 

read the Brookfield dial, and you 

have your viscosity in centipoises. 

The whole operation, including 

cleaning up, usually takes /ess 
than a minute. 

Suitable for extremely accurate 


work with a wide range of mate- 
rials, both Newtonian and non- 
Newtonian, the Brookfield viscom- 
eter is portable and plugs in any 


A.C. outlet. , AUTOMATIC CONTROLS 
Write today for fully illu £52 INDUSTRIAL APPLICATIONS 


trated S-page catalog. REQUIRING POSITIVE CONTROL 
NEW! Two motors ond OF PRESSURE. TEMPERATURE. 
exclusive counter-rotation 5 LIQUID LEVEL ETC. 


ti ke Brook- 
% SIMPLE TO ADJUST FORTHE © 


quickest, most effective SPECIFIED OPERATING RANGE 


on market. Creates an-! “ON 
: : MERCOID CONTROLS ARE EQUIPPED 
INSURING GREATER SAFETY, BETTER 
Wiite PERFORMANCE AND LONGER CONTROL LIFE 


a WRITE FOR CATALOG 6008. » 


THE MERCOID CORPORATION 
4201 BELMONT AVE. CHICAGO 41, ILL 
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“A very valuable 
addition to the 
library of 
every scienti- 
fic laboratory” 


LABORATORY 
FRACTIONAL 
DISTILLATION 


By T. P. Carney $5.75 


This “ readable book” (*//. of Am. Phar. 
maceutical Ava.) bri together for the firs 
time in « single correlated wudy the extensive 
ve recent years. All apperarus 
to run a fractional distillation under any 
condition is fully described, with complete com. 
parable data on columns. Basic theory is ex- 
plained; mathematical formulas derived and their 
use demonstrated in wep-by-sep solutions of 
such problems as the analysis of a particular col. 
uma operation, prediction of operati eth. 
ciency, and columa design. “Unusually well pre- 
seated and though provoking . . . of value both 
for reference and for actual daily laboratory 
use. ~The Resonator. 


INORGANIC 
PROCESS INDUSTRIES 


By K. A. Kobe 


A useful general reference on the sources, prod. 
ucts, by products and production methods of the 
sodium and potassium sales, sodium carbonate 
and hydroxide, chlorine, sulfuric acid, nitrogen 
and phosphorous. Information on manuf 

techniques and equipment, marketing 

economic factors in each Excel. 
tent bibliographies. Recommended b Cur- 
om, VP of and many 
dents, newcomers to the industry and those who 
want to know more « other branches of 
their industry 


Do you supervise people ? 
WORKING wi PEOPLE 


By Auren Uris & Betty Shapin $3 


“You will nor find any better book,” says D. A 
Laird in Personnel recommending it front 
line supervisors and brass-hacs alike. You can 
make your days work ecaser and more produc 
tive, get berrer help from others bw using these 

tocerth, ‘extremely helpful suggestions 

Any man of woman responsbic for the wor 
of others cannot fail to profit from reading it. 
writes FE. J. Lyons, V. P. of Merck & Co 


SEE THESE HELPFUL BOOKS 


g Co 60 Filth Ave NOY. 
Please send me the books checked. I will 1 

1 either remit in full of return the books with 

im ten days 

Working With People $3 

Signed 

Address 
’ 
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LOCAL SECTION NEWS 


(Continued from page 33) 


CHARLESTON, W. VA. 


A general meeting of this section was 
held at the North Charleston Recreation 
Center on April 18, 1950; 130 members 
were present. The speaker was Howard 
Kehde, head of the Hypersorption divi- 
sion of the Foster Wheeler Corp. 

Mr. Kehde presented up-to-date in- 
formation on the Hypersorption process, 
the relatively new chemical engineering 
technique for removing or recovering 
troublesome or valuable constituents 
present in gases in such low concentra- 
tion that other separation methods are 
not economically feasible. He described 


the functions of the four commercial 
hypersorbers which Foster Wheeler 
Corp. has designed. 

During the business meeting the 


nominating committee chairman, Dr. R 
L. Sibley, proposed the following candi- 
dates for the 1950 annual election : 


Chairman .. A. B. Stiles—Du Pont 
Vice Chairman... .J. R. Durland— Monsanto 
D. J. Porter—Westvaco 

Secretary...G. B. Bradshaw, Jr.—Du Pont 
M. C. Guthrie, Jr.—Du Pont 
Treasurer........K. J. Gutshaw—Carbide 


J. H. Howell—Carbide 

of Executiwe Committee 
W. Conwell— Viscose 

C. C. Richiusa— Monsanto 


Reported by R. W. 


Vember-at-large 


King 


OHIO VALLEY 


Members and guests of this section 
made an inspection trip through the dis- 
tillery of Jos. E. Seagrams Sons, Inc., 
Lawrenceburg, Ind., on April 1. Prior 
to the inspection trip the group was 
shown Seagrams’ film on the “Manufac- 
ture of Whiskey.” The C. F. Braun Co., 
of Alhambra, Calif., also presented 
a film showing “Action in Bubble Cap 
Columns.” 

Greber 


Reported by A.C 
TENNESSEE VALLEY 


Dr. L. K. Herndon, director of re- 
search of the Mathieson Chemical Corp., 
was the speaker at the April 3 meeting 
of this section at Wilson Dam. His sub- 
ject was “The Recovery of Sulfur from 
Sour Natural Gases.” 

Dr. Herndon pointed out that many 
natural gases contain sulfur in the form 
of H,S in objectionable amounts. The 
usual way to remove the H,S is to scrub 
it from the natural gas, convert the H,S 
to SO , and discharge the SO, to the 
atmosphere. Because the discharge of 
SO, to the atmosphere is undesirable in 
many areas, the former Southern Acid 
and Alkali Corp. requested the Research 
Foundation at Ohio State to develop a 
process for converting H,S to elemental 
sulfur. With the use of well-prepared 
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slides, Dr. Herndon traced the develop- 
ment of this process by the Research 
Foundation through the laboratory stage 
and pilot plant work to the erection of a 
successful commercial size unit. In cer- 
tain areas sulfur produced by this 
process competes in price with that ob- 
tained by the Frasch process, Dr. Hern- 
don stated. 

Reported by Gordon Stoltz 


SOUTHERN CALIFORNIA 


The April dinner meeting of this sec- 
tion was held in Carl's Viewpark Res- 
taurant, Los Angeles. Some 70 members 
and guests were in attendance. 

Dr. John H. Ballard, assistant profes- 
sor of chemical engineering, University 
ot Southern California, presented a 
paper on “Limiting Flow Phenomena in 
Packed Liquid-Liquid Extraction Col- 
umns.” Dr. Ballard’s talk covered the 
results of an experimental investigation 
on a 334-in. liquid-liquid extraction col- 
umn packed with Raschig rings. Water 
was used as one phase, either continuous 
or dispersed, and a number of fluid mix- 
tures with widely varying physical pro- 
perties as the other phase. Of interest 
in this respect the inclusion of 
solvents with specific gravities higher 
than that of water. A transition point, 
rather than the usual flooding point, was 
defined for the various systems. 


Reported by William J. Baral 


was 


NEW JERSEY 


E. V. Murphree, president, Standard 
Oil Development Co., was the guest 
speaker at the March 14 meeting before 
100 members at the Hotel Winfield Scott 
in Elizabeth. His talk was titled “The 
Process Development and Properties of 
Butyl Rubber.” 


Reported by D. A. Levenson 


AKRON 


D. M. Considine, manager, market ex- 
tension division, Brown Instrument Co., 
spoke to 50 members and guests at the 
University Club 

Mr. Considine stated that smaller 
chemical plants have tended to neglect 
instruments for controlling 
In contrast to this, large plants use in- 
struments widely with a trend towards 
robotization. 

*At this meeting the film 


processes. 


“Atomic En- 


ergy and Advanced Physics” was shown, 
Reported by J. W. Kosko 

TWIN CITIES < 

At the May meeting of this section 
held at Freddie's Cafe, Minneapolis, 
May 11, 1950, Dean Athelstan Spilhaus 


of the Institute of Technology, Univer- 
sity of Minnesota, spoke on his Arctic 
research. 


Reported by W.. M. Podas 


May, 1950 


| 
de 
factional | 
j 
j 
| 
ire 
| 
q 
| A new look at the 
fine: 
q 
ON APPROVAL — — — — — 


PERSONALIA 


A.LCh.E. MEMBERS HONORED BY MONSANTO 


R. E. COLWELL 


F. LABELLE 


Robert E. Colwell and Frank LaBelle were among the four scientists named by 
Monsanto Chemical Co. to receive leaves of absence at full salary for an academic 
year of study at universities of ther choice. 

Mr. Colwell joined the research department of Monsanto's plastics division at 
a Mass., in November, 1945. His work has been ere in the field 


spray-drying problems. He was graduated from Rhode Island 


in 1943 with a B.S. degree in chemistry. Prior to joining Monsanto he served 


the U. S. Navy for two years. 


Mr. LaBelle is chief chemical engineer of the 


department at Anniston, Ala. He was graduated from Michigan State College in 
1941 with a B.S. in chemical engineering. He has served as analytical chemist, 
desi 


chemical engineer, chemical 
joining the department. 


engineer, and assistant chief 


The plan is designed to encourage the scientific work and further development of 
Monsanto's technical personnel in physics, chemistry and chemical engineering. 
The aim of the program is to establish close cooperation between industry and the 

tories. 


university labora 
formance. 


HASLAM NOT NOMINEE 
JERSEY STANDARD BOARD 


Robert T. Haslam, a vice-president 
and a director of Standard Oil Co. 
(New Jersey), who plans to retire in 
the fall, has asked not to be a nominee 
for reelection as a director at the com- 
pany’s annual meeting to be held June 7. 
Until retirement Mr. Haslam will con- 
tinue as a vice-president of the company. 
Mr. Haslam’s career in the oil business 
has ranged from research to sales and 
public relations. 

Graduated in 1911 from the Massa- 
chusetts Institute of Technology he re- 
mained as assistant instructor in analyti- 
cal chemistry before joining the Na- 
tional Carbon Co., Cleveland, where he 
was consecutively research chemist, 
production engineer and assistant super- 
intendent. In 1920 he returned to MIT 
as assistant professor and head of the 
school of chemical engineering practice 
and for five years directed the research 
laboratory of applied chemistry. At that 
time he also inaugurated the course in 
gas and fuel engineering. 

During this period, Mr. Haslam 
served on occasion as consultant to the 
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The leaves are awarded on the basis of outstanding per- 


Standard Oil Development Co., central 
research organization of Standard Oil 
Co. (New Jersey) affiliates. In 1927 
he accepted an offer to become a member 
of the board of directors of the Standard 
Oil Development Co.; in 1933 he was 
made coordinator of the lubrication sales 
department; in 1942 he became a direc- 
tor, Standard Oil Co. (New Jersey). 
and in 1945 he was elected a vice-presi- 
dent. 

In collaboration with R. P. Russell, he 
is author of “Fuels and Their Combus- 
tion,” and coauthor of “Britain's Fuel 
Problems.” 


Sam Tour, chairman of the board of 
Sam Tour & Co., Inc., of New York, 
N. Y., president of The American 
Standards Testing Bureau, Inc., of the 
Forty Four Trinity Place Corp., and of 
Graphitized Alloys Corp., also of New 
York, has recently been elected chair- 
man of the Inter Society Corrosion Com- 
mittee of the National Association of 
Corrosion Engineers. He began his 
corrosion studies during World War | 
while employed by the Ordnance De- 
partment of the U. S. Army. 


|, STANDARD Steel Corporation of Los 


tate C | 


osphate division's engineering 


| Now welded together... 


THE EXPERIENCE OF THE EAST 
AND THE DEVELOPMENTS OF 
THE WEST UNITED! 


Angeles announces with pride the 
acquisition of the Dryer Division of 
Hersey Manufacturing Company of 
Boston —oldest dryer manufacturer in 
America. 


The joining of these two organizations 
creates a fund of DRYER KNOWLEDGE” 
unequalled anywhere. To STANDARD'S 
already fine dryer organization are 
added the engineering data and key 
personnel of HERSEY. The results 


@ ABILITY to supply dryers for every 
industry. 
CAPACITY to fabricate dryers quickly 
—of any size—of any metal. 


FACILITIES to test materials—to try 
new designs—to manufacture all 
types of dryers EFFICIENTLY. 


TALENT to investigate, to advise, to ~ 
ANSWER your dryer problems. 


@ SERVICE representatives throughout 
the world. 


Write TODAY for the new STANDARD- 
HERSEY bulletin, describing our Con- 
tinuous and Batch DRYERS, Rotary 
COOLERS, KILNS, and CALCINERS for 
the Process Industries. 


Drvers 
Standard Steel Corporation 


5055 S. Boyle Avenue + Los Angeles 58, California 
Phone LAfayette 1234 Cable Address: Stonstee! 
Eastern Address: 123-55 Newbury Street, Boston 16 
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Permanite HCl Absorbers 

offer many outstanding ad- 
vantages among which are high 
velocity cooling, counter-current 
flow and replaceable cooling tubes. 
The wide operating range of these 
functional units permits capacities 
to be increased or decreased as 
desired. Their high efficiency and 
compactness of design make pos- 
sible larger capacities from small- 
size equipment. 


Being single pass units, no acid 
recirculating pumps are required. 
Counter-current flow of gas and 
liquid insures maximum efficiency 
of absorption and produces pre- 
mium acid of highest strength at 
moderate cost. Instruments for 
automatic water feed control are 
available. If desired, Knight can 
design and furnish the complete 
HC1 plant. 


Send for detailed brochure 
on Permanite HC! Absorbers. 


MAURICE A. KNIGHT 
705 Kelly Ave., Akron 9, Ohio 


amd Alkali-proef Chemical Fquipment 


PERSONALIA 


(Continued from page 35) 


PARTRIDGE SUCCEEDS 
HALL AS DIR. HALL LABS. 
Everett P. Partridge, who has been 
director of research for Hall Laborator- 
ies, and another Hagan subsidiary, Cal- 
gon, Inc., for many years, will assume 
Hall Laboratories, 
Inc., Pittsburgh, Pa. This promotion is 
occasioned by Ralph E. Hall's recent 
announcement of his relinquishment of 
active direction. Dr 


active direction of 


Hall has served as 
director of Hall Laboratories, Inc., since 
it was founded by Hagan Corp., Pitts- 
burgh combustion and chemical 
neering firm, on April 1, 1925 
Dr. Partridge began his career as 
associate editor of /ndustrial and Engi- 
neering Chemistry and subsequently be 


eng! 


came part-time research engineer, de 
partment of engineering research, Uni 
versity of Michigan, and still later was 
afhhated with the U.S. Bureau of Mines 
as supervising engineer directing chem- 
ical research and process development at 
Nonmetallic Minerals Experiment Sta 
thon 

Dr Hall, known 
industrial and 


will continue his scientific work 


as an authority on 
municipal water-condi- 
toning 
as consultant with the firm and remain 
a member of the board of directors. He 
holds the Modern Pioneer 
National Association of Manu 
facturers, and the first Pittsburgh 
Award for Outstanding Service given 
by the ACS, Pittsburgh section 


Award given 
by the 


Louis M. Levy, a chemical engineer 
with the Mound Laboratory of Mon 
Chemical Co. in Miamisburg, 
appointed visiting pro 


santo 
Ohio, has been 
chemical engineering at the 
University of Antioquia, Medellin, Co- 
lomma, S. A The 
irranged through the State Department 
United States 


lessor of 
appointment was 


us part of the (sovern 


E. P. PARTRIDGE 
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ment's cultural exchange program. Mr. 
Levy, who been with the Mound 
Laboratory since 1947, received a B.A. 
degree in chemistry Brooklyn 
College in 1941 and after serving two 
years in the Army as sergeant im the 
84th Infantry Division he received a 
degree of Bachelor of chemical engi- 
neering at the Polytechnic Institute of 
Brooklyn in 1947. 


has 


from 


NICKOLLS ACTING HEAD 
CHEM. ENG. OKLA. A & M 


Charles L. Nickolls was recently ap 
pointed acting head of the school ot 
chemical Oklahoma A 
& M. College, Stillwater, Okla., where 
he has been a teacher in chemical engi- 
neering and also for the last ten years 
assistant chairman of the department 

Dr. Nickolls served in World War |! 
and in World War II was in civil service 
For three 
years he was chemical engineer and ad 
visor for the National Dyers and Clean 
In 1928-29 
he was the recipient of a Research Fel 
lowship for the Natural Gasoline Manu 
facturers of America im 


engineering at 


as civilian educational advisor 
\merica 


ers Association of 


which he 


worked on gasoline volatility. At times, 
he has been engaged in various investi 
gations in a consulting capacity. His in 


terest in natural gasoline put him in the 
employ of Phillips Petroleum Co. in 
connection with the manufacture of 
natural gasoline 

He was graduated from Dakota Wes 
levan University with a B.S. degree in 
1917, and received the M.S. degree from 
Oklahoma A. & M. College in 1921. He 
studied chemical engineering at Colum 
University of 
Michigan and in 1935 received a Ph.D 
degree in chemical engineering from the 
University of Michigan 

Dr. Nickolls’ interests are in the fields 
of heat transfer, absorption distillation, 
catalysis, imternal 
combustion, 


bia University and the 


combustion engines 


petrography. and 


crystalline waxes. 


micro 


c. L. NICKOLLS 


. 
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O. M. SMITH 


BETTER Vacuum 
HILCO OIL RECLAIMER 


wave 


OVERFLOW 


Dr. Otto M. Smith has been appointed 
full-teme director of the Research Foun- 
datton at Oklahoma A. and M. College, HILCO Continuous Vacuum Pump Oil Purifying System. 


Stillwater, Okla. This organization Oil purified at a fraction of a cent per gallon. Write for 
supervises research projects for both Bulletin R- 160 


private and governmental organizations, You know that. of 


and assists staff members in their own HICH VACUUM PUMPS REQUIRE CLEAN OIL! 
research work. free from abrasive solids, varnish forming substances and especially 


r volatile contaminants which raise vapor pressure and decrease 
Dr. Smith recently retired as head of cessing efficiency 

the departments of chemisty and chem 


ical engineering after serving 26 years eee bat you 


at Oklahoma A. and M. College and was that oil can be purified easily by complete removal of all contami 

s standing He ws re on continuous, full-fiow basis after each pass through a vaecuw 
given an emeritu tan ng pump, resulting in continuous pump operation at maximum efficiency 
placed by Dr. Charles’ Nickolls as the and in elimination of of] waste? 


acting head of the department of chem- 
ical engineering. (See page 36.) THE HILLIARD CORPORATION, 144 W. 4th ST., ELMIRA, N. Y. 
f 


Earl Engler recently joined the in Concde: UPTON-PRADEEN-JAMES, Limited, 990 Bey Si. Toronto 3464 Park Ave, Montreal 
Girdler Corp. and was assigned to the 
operating department. A graduate of 
was formerly with the Monsanto Chem 

at Dayton, Ohio S. L. TYLER, Secretary 
American Institute of Chemical Engineers 


120 E. 41st St. 
HULME OPENS OWN 
CONSULTING OFFICE New York 17, New York 


Richard E. Hulme, formerly with the Dear Sir: Please send me information regarding membership 


development department of Diamond requirements 5-0 
Alkali Co., at Painesville, Ohio, has re : 
signed his position to open a consulting Name \ge 
office in Bradford, Pa. He and his asso- 
ciates will specialize in problems dealing 


Address 


with the heavy chemical, petrochemical 7 
Aone 
petroleum and the process industries im City: 


both the design and economic evaluation 


pha 


In the six vears he was associated with 


Diamond Alkali he developed a magnes N 


ium oxide process, a method of dehy 


| B/E PNEUMATIC TRANSMITTER 


recovering liquid chlorine trom purge 


gas AVAILABLE MATERIAL 
During the war Mr. Hulme was em- W s 
ploved as a process design engineer with IDEAL FOR MEASUREMENT STEEL 
Blaw-Knox Co., at Pittsburgh. and was OF—LEVEL—FLOW BRONZE 
a member ot the engineering team re- PRESSURE—SPECIFIC a 
sponsible for the basic design of the GRAVITY—DIFFERENTIAL HASTELLOY 
copolymer synthetic rubber plants PRESSURE 
Previously he had been associated MONEL 
with the Kendall Refining Co., as assis- Non-overioading type diaphragm — Extreme accuracy. Avatiable for high and low pressures 
tant chief engineer at its refinery at Write for Bulleti INSTRUMENTS, INC. TULSA, OKLA. 


Bradford 
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D. F. SMITH GOES 
TO MICHIGAN STATE 
Dr. David F. Smith, vice-president 
and director of research, Johnson and 
Johnson Co., New Brunswick, N. J., was 
appointed head of the department of 
chemical engineering at Michigan State 
| College, East Lansing, Mich., effective 
| April 16. Fifty-three years old, Dr. 
| Smith has held many research and ex- 
ecutive positions in industry and gov- 
: ernment. He was chief of the Motor 
and related products—ver Fuels Division, U. S. Department of 
satile glycerine is playing an I Agriculture, from 1939-40; chief engi- 
neer in charge of process research and 
development, Michigan Alkali Co., from 
applications can materially 1940-42. He has also held positions with 
improve your product! ‘ : the U. S. Bureau of Mines, Hooker 


The story is told in one in- Electrochemical Co., and the Hercules 
formative, up-to-date booklet 4 Powder Co. 

“Why Glycerine for Alkyd 
Resins and Ester Gums?” Once a student of Albert Einstein at 

Contains compact informa- the University of California, Dr. Smith 
tion on the physical properties of glycerine ... its origin, develop- has 14 years’ experience in teaching and 
ment and chemistry ... grades and their applications. 12 pages of research at the California Institute of 
practical, useful data—yours for the asking! Whether you're in Technology, U ity of Calif . 
management, production, or research ... an expert on glycerine or miversity Of Caltormia, 
thoroughly aulaniies with the subject—vyou'll want this informative and Buffalo University. He received his 
booklet. Write for your free copy —today! B.S. and Ph.D. degrees from the Cali- 


| fornia Institute of Technology in 1920 


GLYCERINE Propucers’ ASSOCIATION, DePT. 30 and 1908, veapestively. 


yr. S fas 
Sai Gites Mus o York 17, N. Y. Dr. Smith was long engaged on the 
theory of solutions, and is the author of 


28 scientific papers published in technical 
journals of U. S. and Germany. He is 
Best Rotar also the author of the solubility chapters 

iS mo fl in Volume 3 of the International Critical 
Tables. 


RAIMOND, MUNRO IN 
CALCO APPOINTMENTS 
Appointments were announced re- 
cently by American Cyanamid Co.'s 
Calco chemical division. 
nahn Dr. W. A. Raimond was appointed 
col ES departmental technical director for dyes 
- and Dr. W. P. Munro chief chemist 
Rotary Dryers department G of dyes manufacturing di- 
vision. 
Dr. Raimond is a graduate of Rhode 
William B. Ruggles, a leading engineer of half a century ago, proposed Island State College, with a B.S. in 
the fundamental principles of continuous drying and applied them to chemistry. He obtained his Master's 
the original Ruggles-Coles Dryers. Since that time Hardinge engineers and Doctor’s degrees from Rutgers 
have improved certain design details from knowledge gained by coopera- University where he later worked as a 
tion with customers after the installation of Ruggles-Coles Dryers. graduate assistant in chemistry. 
Hence, the highly efficient “Ruggles-Coles” of today. Hence, also, the Dr. Munro is a graduate of the Uni- 
tremendous wealth of operational knowledge of different materials versity of lowa with a B.S. and M.S. 
available to Hardinge engineers. This knowledge on Ruggles-Coles in chemical engineering. He obtained 
Rotary Dryers is available to all. Write for Bulletin 16-D-40. his Doctor's degree in chemistry from 
Princeton University. Dr. Munro was 
appointed a Du Pont Company Fellow a 
Princeton (1932-33) and later joined 
the Calco organization. Dr. Munro ‘ 
served as an officer in the Chemical 
Warfare Service, Technical Command, 
YORK, PENNSYLVANIA — 240 Arch S?. . Edgewood Arsenal, Md., in charge of 
NEW YORK 17—122 E. 42nd St. - 205 W. Wacker Drive—CHICAGO 6 smoke munitions (1942-45). 
SAM 11—24 Californie St. (200 Bay St-—TORONTO | (Personalia continned on page 40) 
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CLASSIFIED SECTION 


Advertisements in the Classified Section of Chemical Engineering Progress are payetis is 
advance, and are placed at Sc a word, with « minimum of four lines pted. Box 

counts as two words. Advertisements average about six words « line. Members of the 
American | t of Chemical Engi s im good standing are allowed one six-line insertion 
free of charge per year. More than one insertion to members will be made at half rates. In 
using the Classified Section of Chemical Engineering Progress it is agreed by prospective 
employers and employees that all communications will be acknowledged, and the service is 
made available on that conditi Boxed adverti s one-inch deep are available at $15 
an insertion. Size of type may be specified by advertiser. In answering advertisements all 
bax numbers should be addressed care of Chemical Engineering Progress, Classified Section, 
120 East 4ist Street, New York 17, N. ¥. Telephone ORegon 9-1560. Advertisements for this 
section should be in the editorial offices the 25th of the month preceding the issue in which 


it is to appear. 


SITUATIONS OPEN 


Sales Engineers Craduate. with minimum of 
five years’ sales experience, to sell heavy 
equipment. Age 30 to 40 preferred. Send 
resume of educational and business history 
to Box 5-5 


SITUATIONS WANTED 


A.L.Ch.E. Members 


University Teaching and Research—Position 
in chemical engineering. Purdue, B.S.Ch.E., 
1942; Michigan, M.S.. 1943; Ph.D. June, 
1950. Two years’ industrial experience, 
four years teaching. Fellowships, so- 
cieties. Age 29; married. Box 1-5. 


Supervisory Chemical Engineer85. 31. 
Experienced in supervision, operations, 
pilot plant development, plant design, and 
economic studies of petroleum and petro- 
chemical plants. Desire responsible engi- 
neering position with small company. Box 
2-5. 


Industrial Research Group Leader-Regis- 
tered engineer. Twenty-two years’ expe- 
rience in guiding new projects from 
conception through final plant demonstra- 
tion. Would prefer organizing permanent 
research group for medium size company. 
Box 3.5 


Executive Engi —-Chemical rai en 
gaged in direction of group designing 
plants for soaps, detergents, chemicals, 
and pharmaceuticals Seek position as 
chief engineer in present position have 
overall responsibility for projects. Metro- 
politan area preferred. Box 4-5. 


Chemical Engineer—B.S. 19468. Two years’ 
extensive experience in development organic 
chemicals. Desire position in large eastern 
company. Particularly interested in process 
control work. Box 6-5 


Chemical Engineer—B ChE. 1948. MChE 
1949; single, 23. Two years’ Chemical Wel 
fare Service laboratory supervisory work. 
One year industrial experience. One year 
teaching chemistry. Willing to travel. 
Location immaterial. Excellent academic 
record and references. Box 7-5. 

Ability as analyst 
and investigator; cleaning up trouble spots. 
ChE. background, BS.M.S Interested in 
work as executive assistant or in similar 
capacity. Can double as company pilot. 
Box 6.5. 

Chemical EngineerB.Ch.E. 1959. family, 53. 
Eight years’ supervisory development expe 
rience on petroleum and petro-chemical 
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pilot plants, and 2'; years on industrial 
chemical plants. Desire responsible po- 
sition requiring technical, administrative, 
and organizational ability. Box 10-5 


Chemical Engineer——-MChE. Prof. Eng. 
(N. Y.), 28, single 4% years’ diversified 
engineering experience. 3 years of college 
teaching. 1 years of law school com- 
pleted. Desire position in patent law office 
in New York City area with opportunity to 
finish law school evenings. Box 12-5. 


Chemical Engineer—-D.Eng. Yale 1950, 3M 
M.LT. 1948, age 25. Honorary societies, 
highest grades. Desire permanent position 
in process design or economics or develop- 
ment in New England or Middle Atlantic 
region. Available summer 1950. Box 15.5 


Chemical Engineer——MChE. June 1950. 
Univ. of Louteville. Family, 26. Phi Kappa 
Phi. Sigma Tau. Bomber pilot in last war. 
Desire process development, design work, 
or administrative position where technical 
knowledge is required. Box 14-5. 


Chemical EngineerB.S. and age 29, 
married. Three years in refinery process 
engineering group of major oil company; 
two years reseach and development organic 


chemicals. An extrovert; desire position 
in sales, production, etc.. where back- 
ground would be an advantage. Prefer 
South or Southwest location. Box 15-5. 


Industrial Chemical 
tional background Twenty years’ expe 
rience superintendent production-mainte 
nance-construction, processing ores, brines. 
gases and recoveries. Supt. large develop 
ment dept.; electrochemical operations; 
physical chemical research: chlorination 
processes; cost estimating. Prefer produc- 
tion; development supervision. Box 16-5. 


educa. 


Nonmembers 


Young Man—B.ChE. Clarkson College of 
Tech. Desire position production, process 
development or research. Salary secondary 
to opportunity. Box 9-5. 


Design Engineer_B.S.ChE 1936. Three 
years’ chemical research experience. Eight 
years group leader research, development, 
design mechanical components. Desire po- 
sition with firm developing and designing 
chemical equipment and processes. Out- 
standing record. Box 17-5 


RESEARCH ENGINEER 


M.S. in Ch.E. June 1949. Age 25. Employed 
as production supervisor. Desire develop- 
ment or research position Location imma- 
terial. Available on short notice. Box 11-5. 


CUTS PROCESS 
EQUIPMENT COSTS 


Because HAVEG is so strong . . . so 
light in weight . . . it can cut the cost 
of huge towers like this. Used in 
handling corrosive acids, this 
cooler-absorber tower replaced a 
battery of smaller ones. Now effi- 
ciency of the entire operation is in- 
creased, and equipment costs are 
reduced. 

If you need a material with high 
strength, toughness, durability plus 
100% corrosion resistance, inves- 
tigate HAVEG. This molded ma- 
terial is resistant to chemical action 
throughout its entire mass—not just 
on the surface. Large, structurally- 
strong equipment can be molded 
in one piece, at low cost, and de- 
livered in from 1 to 8 weeks. 


HA-$-49 


NEWARK 99,DE 


VED i se 
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FABRICATION 


CHROME IRON ALLOYS 
CARBON STEEL 
CHROME NICKEL 

SILICON BRONZES 

MONEL ALUMINUM 

NICKEL CLAD STEEL « ETC. 


Towers, Pressure Vessels and 
General Plate Fabrication 
manufactured with trained 
personnel and uptodate 
equipment. Our Engineers 
will assist im designing to 
meet your requirements. 
Geod Design — Right Material — 
Expert Workmanship at a Fair Price. 
HEAT EXCHANGERS A SPECIALTY 


Pabricatore and Designers for More 
an 30 Y 


DOWNINGTOWN IRON WORKS 
DOWNINGTOWN, PA, 
WELDED and RIVETED PRODUCTS 


ears 


Keep Your Mercury 
CLEAN 


By the 


Bethlehem Process 
Type “F” Filter 


Operating on the Gold 
Adhesion Principle 
this mercury filter is 
ideal for general 
laboratory and indus- 
trial use. It effectively 
and 
moves dirt, 


completely 
oxide 
scums, oil, water and 


acid — delivers 
dry, bright, clean mer- 


bone- 


cury in a few min- 
utes. Saves you time 


and money. 


Price only $45 


For full information on thorough mercury 


cleaning write 


Bethlehem Apparatus Company 
886 Front St. 
HELLERTOWN, PA. 
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Ferdinand B. Zienty was recently 
appointed associate director of the St 
Louis research department of the or- 
chemicals division of Monsanto 
Dr. Zienty, who has been 
Louis research department 


ganic 
Chemical Co 
with the St 
since 1938 when he was employed as a 


research chemist, is a native of Chicago 


He received his Ph.D. degree from 
the University of Michigan in 1938 
The author of numerous articles and 
patents, Dr. Zienty was apponited 
research group leader in 1940 and 
assistant director in 1947. He is a 
member of several technical societies 


J. N. TILLEY IN NEW 
DU PONT ASSIGNMENT 


John N 
of the Du Pont Co.'s Grasselli chemicals 
department, has been appointed manager 


Tilley, departmental engineer 


of the new division knewn as the plat 
the company’s 
Pilley started with the 
1928 as a 


division in 
Mr 


m 


ning 
department 

Du Pont Co 
the Eastern 


N. J 


ravon 
chemist m 
Laboratory, Gnibbstown 
He has done special work for the 
company South Africa 
Britain. During the war, he 
ciated with the Du Pont division which 
operated the Hanford (Wash.) plant in 
the government's atomic energy project 

Mr. Tilley 1905 
Everett, Wash., and was graduated from 
the University of Washington in 1928 
B.S 


m and (oreat 


asso 


was born in m 


with a degree in industrial chem 
istry 

The planning division will assist the 
of the 


partment in charting the manufacturing 


general management rayon de 


and merchandising phases of its busi 


ness. Manufacturing operations of the 
the 


and 


rayon department are centered im 


acetate division, nylon division 


ravon «division 


R. H. BLANCHARD NOW 
PRESIDENT OF HOOD 


Raymond H. Blanchard was recently 
elected president of the Hood Rubber 
Co., Watertown, Mass., 
B. F. Goodrich Co 

\fetr graduating from Massachusetts 
Mr. Blanchard 
joined the Hood organization in 1917 
He the mixing and reclaim- 
ing departments He became fac 
tory manager in 1927, production super 


a division of the 


Institute of Technology 


directed 


intendent the following vear and in 1932 
was elected vice-president in charge of 
all company manufacturing 

He is a veteran of World War I and 
during World War Il was a member of 


the Greater Boston War Manpower 
Commission. He is the fourth president 
of the pioneer New England rubber 


company. 
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Neal Truslow has been appointed 
supervisor of product development for 
United States Rubber Co.'s textile di- 
vision development department. He will 
have his headquarters at the company's 
new textile research laboratories in 
Winnsboro, S.C. He will be responsible 
for the textile division's new product 
than Asbeston, and 
his duties will also include the direction 
of the chemical at Winns 
boro, Mr graduate of 
Johns Hopkins University in chemical 
and formerly wyh 
Manufacturing Corp., where 
He 


development other 


laboratory 
Truslow a 
engineering was 
{ hicopec 
he was engaged in textile research 
is a native of Chestertown, Md 


H. Zeh Hurlburt accepted a 


position as research engineer for Con- 


has 


solidated Chemical Industries, Inc., at 
its Houston ( Tex.) plant. There he will 
be engaged in new product research. He 


received the Sc.D. in chemical engimeer- 
Massachusetts Institute of 
1950. 


mg trom 


lechnology in January 


E. R. Beecher, formerly project en- 


gineer, central engineering division, 
Colgate-Palmolive-Peet Co., Jersey City, 
N. J. 
and construction, central engineering di- 
of the company. He re 


mains in Jersey City, N. J 


is now head of project engineering 


vision satiic 


Douglas M. Considine has been ap- 
pointed manager of the market extension 
Brown Instru- 
ments division, Minneapolis-Honeywell 
Regulator Co. Mr. Considine’s new 
duties include direction of adver 
tising and technical and trade editorial 
activities. He will continue as technical 
editor of Instrumentation, Brown's 
house-trade publication. Mr. Considine 
is a graduate of Case Institute of Tech- 
nology and holds a Bachelor's degree in 
chemical engineering 
the company since 194] 


division, general sales 


will 


He has been with 


Necrology 


MERLE RANDALL 


Merle Randall, research director, 
research laboratory, Randall & Son, 
Berkeley 4, Calif., died recently. He 
was previously associated with the 


Stuart Oxygen Co., Berkeley, and prior 
to that was professor of chemistry at 
the University of California. Dr. Ran 
dall received his A.B. from the Univer 
sity of Missouri (1907), his A.M. from 
the same university (1909), and a Ph.D. 
Massachusetts Institute of Tech- 

(1912). He was 62 years old. 


trom 
™ rk 


B. G. NELSON 


B. G. Nelson, of the Thiokol Corp., 
Huntsville, Ala. died recently. Prior 
to his employment with the Thiokol 


Corp. he was with the Air Reduction Co 
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PIPES 
INDEX OF ADVERTISERS 


nveying acid 
deal for co high 
temperature; 


eatment; high 
heat tr tec 


Brookfield Engineering Lobs., Inc... 
Builders-Providence, Inc. 
Carbide & Carbon Chemicals Corp. Transparent. 
Inside Front Cover Vitreosil 
Crane Company Pipes but is available in aw — 
Croll-Reynolds Co., | Produced in four qualities 
surface; (2) glazed; (3) satin 
Dow Chemical Co. ...... : ba (4) transparent. Made in dlemevere 
Downingtown Works for Bulletin No. 9. 
Fischer & Porter Company, 
Outside Back Cover 
Floridin Company All Tubing Prices Recently Reduced 


General American Trans. Corp., 2 The THERMAL SYNDICATE Ltd. 
Louisville Drying Machinery Div... New York 17, N. Y. 
Process Equipment Div. ..... 412% East 46th Street 
Wiggins Gasholder Div. ..... 

Glycerine Producers’ Association. . 


Girdler Corp. ..... a 

Hardinge Co., Inc. . WHAT WILL SUM M ER 
Haveg Corp. ......... ets 

Haynes Stellite Co. ............ HOT WEATHER 

Hilliard Corp., The .. nem 

Hills-McCanna Co. . 


Instruments, Inc. 
Knight, Maurice A. .... 


Lapp Insulator Co. ............. 13 
. Croll-Reynol ORS frequently show a 
Lawrence Machine & Pump Corp... 23 profit over the total cost in extra production the 
Louisville Drying Machinery Div.... 7 season, and they have many years of maintenance- 
lomaws Co. The free service. There are usually extra benefits in better 
quality and more uniform quality. 
Macmillan Co., The CHILL-VACTORS have many advantages, but are not 
Mercoid Corp. perfect. t, general, they are limited to temperatures 
. : above 32°F. They require more condenser water than 
Milton Roy Company, Inside Back Cover mechanical refrigeration, but almost any natural water, 
Niagcra Filter Co. ....... including sea water, can be used. There are too many 
Pfaudler Company, The 4 advantages to list here. The most important are: 
Pritchard & Co., LF T Low cost . Can be operated by low pressure steam 
Prufcoat Laboratories, Inc No refrigerant except water . No moving parts, 
: he Practically no operating supervision noise or vibration 
Read Mach Di f T 
Some liquids or solids can be cooled direct without brine or 
Sharples Corp., The other circulating fluid 
{ archer t ) Made in sizes from a few tons to 1000 tons or more 
ag N Corp. ........... 35 (1 ton = 12,000 B.T.U. per hour) 
renal Syndicate, itd. ......... a | Individual engineering study will be given without obligation to each industry. 
Union Carbide & — ane be also applies to any industrial vacuum requirement m to a few microns 
inside Front Cover, 19 pressure. 


17 JOHN STREET. NEW YORK 7, N. Y. 
CHILL-VACTORS STEAM JET EVACTORS CONDENSING EQUIPMENT 
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Electrically 
resistant at ciev Free 
from metallic impurities. Homogeneous 
Page and of uniform quality. tem- 
minu shock resistance of any cera- 
Ate = Co. of America........ 5 lithatand severest chemi- 4 7 
Badger & Sons Co., E. B......... 15 
Bartlett & Snow Co., The C.O...... 42 
Black, Sivalls & Bryson, Inc... 16, 17 to 30” bore. For Getaus write for Bulle- eal s 
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It translates theory into practice 


INDIRECT HEAT 
CALCINERS permit materials to be 
processed continuously —at high tem- 
peratures—at predetermined rates—in 
neutral or reducing atmospheres — and 
thus translate many purely theoretical 
calculations and laboratory experi- 
ments into practical day after day com- 
mercial operations, 


Each calciner is engineered and built 
specially to meet the individual condi- 
tions. In general, however, they consist 
of a nickel-chrome cylindrical retort 
housed in a refractory lined cylindrical 
furnace. The retort extends beyond the 
furnace at both ends, and is supported 


ARTLETT 
- SNOW 


CLEVELAND 5, OHIO 


on spidery heat dissipating riding 
tings and trunnion rolls. 

The carbon material processed in 
the unit pictured above is fed into the 
retort through a screw feeder that seals 
the hydrogen in the retort from the 
outside air. After treatment, at 2000" F., 
the material is first cooled to 120°F., 
in an extension of the retort, the ex- 
terior walls of which are cooled with 
a water spray,— and then discharged 
using a conveyor screw again as the seal. 


The entire unit including the drive 
and breechings, feeder, hopper, cool- 
ing extension, discharge conveyor, 
furnace and fuel burning equipment 


is supported on a self contained steel 
base. This provides the extremely ac- 
curate alignment needed to assure ef- 
ficient trouble-free operation, and also 
permits the purchaser to vary the 
slope, and thus control the time of pas- 
sage of the material through the furnace. 


Send for a copy of Bulletin No. 89. 
It describes the scope of our services 
in detail.—and let the Bartlett-Snow 
heat processing engineers work with 
you on your next heat processing prob- 
lem. The C. O. Bartlett and Snow Com- 
pany, Cleveland 5, Ohio. Engineering 
representatives in New York, Balti- 
more, Detroit and Chicago. 


DRYERS - COOLERS - CALCINERS KILNS 
Designing and Contracting Engineers 


COMPLETE MATERIAL HANDLING EQUIPMENT FOR ANY REQUIREMENT 
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THE MILTON ROY 


For Pretiso, Contlacess 
Canfrei by 
Avtometic Titration asex 
where hapessitie 
mroasure voluc 
by direct ds, 


The new Milton Roy “Titronic” System utilizes one 
side of a Duplex Controlled Volume Pump to auto- 
matically and continuously titrate a sample from the 
liquid bath. The other side of the pump meters to the 
sample, in direct ratio and exact proportion, a fixed 
quantity of the titrating medium. 


It makes it possible to control the strength of a caustic 
or acid bath where there is relatively little change in 
conductivity, pH value, specific gravity or other vari- 
able berween the desired control limits. 


For example, if control is desired on a caustic bath a 
standard solution of phosphoric acid might be added 
to the caustic sample. The mixture of the two reagents 
would then give a resulting pH value on the steep 
portion of a curve that would directly indicate the 


“TITRONIC” SYSTEM 


strength of the bath. A meter measuring this pH value 
would automatically set the feed of strong caustic to 
maintain the standard strength of caustic required in 
the bath, increasing the feed in the event that the titra- 
tion indicated a falling pH value below the control 
point, or decreasing the feed of caustic soda in the 
event that the titration indicated a bath of higher 
concentration than required. 


Applications include maintaining strengths in acid or 
alkali baths, control of bleach baths or reducing baths 
by measurement of oxidation potential instead of pH 
value and others. Each application must be studied to 
determine the proper control point to be used accord- 
ing to the slope of the titration curve, desired buffer 
action, etc. Inquiries are invited. 
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CORROSIVE SERVICE 
LEVEL CONTROL with 


to 25 feet 


Level can be measured to one-eighth 
inch in 25 feet by the F & P Magnetic— 
“Doughnut’’—Levelimeter instrument. 

Extreme corrosion is no problem be- 
cause the sensing, transmitting and indi- 
cating mechanisms are totally enclosed 
in corrosion-resistant materials. 


SIMPLE, DIRECT, PACKLESS MECHANISM 
A closed-end tube extends from the 
indicating instrument to the bottom of 
the tank. On the outside of this tube a 
“doughnut” float, containing permanent 
magnets, moves freely up and down 
with liquid level. inside the tube another 
permanent magnet, attached to the in- 
dicating scale by a cable, is positioned 
at liquid level by the float magnets. 
The cable is kept taut by a simple 
counter-weight mechanism inside the 
instrument case. 

The close-coupled indicating instru- 
ment shows level in feet, inches and 
fractions of an inch. The “Doughnut” 
Levelimeter instrument can also be 
arranged for remote exhibition, auto- 
matic control, or both. 

For complete data on F & P Leveli- 
meter instruments, mail the coupon below. 


SECONDARY 
MAGNET 


PRIMARY 
MAGNETS 


*POUGHNUT”™ 


FLOAT 


F& P MAGNETIC 
LEVELIMETER 


OTHER F & P 
LEVELIMETER 
INSTRUMENTS 
for measurement and 
control of liquid and 
interface level, and 
very large flow rates: 


Automatic Control 

Single- or multi-level, 
close-coupled or re- 
mote exhibition (indi- 
cating, recording or 
both) 


PRIMARY ELEMENTS 


Ball-Fioat: 
Direct-Acting 
Lever-Acting 
Pneumatic: 
Bubbler and Diaphragm 
"Doughnut" 
Differential-Pressure 
Manometer 
Displacer Buoy 


COUPLINGS 


Electric, 
Electronic, 
Magnetic 


TRANSMISSIONS 


Electric (inductance 
bridge and Selsyn) 


FISCHER & PORTER COMPANY 
Dept. OQ-7H, Hetbore, Pa. 
To 
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